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ROBABLY no neoplasms have given pathologists more difficulty in subelassi- 

fication than thymomas. Whether any mediastinal tumor that is malignant 
ean be recognized as of thymic origin is an unsettled question wreathed in con- 
troversy. The confused and incomplete status of our present knowledge con- 
cerning thymic physiology and disease is well known. Four important clinical 
syndromes sometimes accompanied by thymie tumors, i.e., agammaglobulinemia, 
Cushing’s syndrome, myasthenia gravis, and refractory anemia, have recently 
aroused more general interest. 

In modern pathologie classification, it appears desirable to supersede the 
primitive inclusive term thymoma. Until thyroid surgery became commonplace, 
the name struma referred similarly to various thyroid and other cervical masses 
now better understood and classified more definitely. In the present clinico- 
pathologie study, the morphologic aspects of thymic tumors that indicated 
cancerous behavior or suggested the presence of an accompanying clinical 
syndrome are of primary interest. Secondarily, classification of thymic tumors 
and elinicopathologie correlations are considered. 

Salient events in the history of thymie tumor pathology are listed in Table 
I. Articles reporting small series are too numerous to be cited separately. 
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TABLE I. HISTORICAL EVENTS IN THYMIC TUMOR PATHOLOGY 





Grandhomme,18 1900 Term thymoma introduced 
Weigert,49 1901 Case report of thymic tumor with myasthenia gravis 
Bell,t 1917 Eighty-four thymic tumors reported, 11 with myasthenia 
Ewing,15 1928 Thymic tumors classified as 

(1) lymphosarcoma or thymoma, 

(2) carcinoma of reticulum cells 
Leyton, et al.,24 1931 Thymic tumors in 2 cases of Cushing’s syndrome reported 
Davidsohn,11 1941 Thymic tumor and aregenerative anemia described 
Lowenhaupt,25 1948 Embryologie classification of thymie tumors proposed 
Good,17 1954 Thymie tumor with agammaglobulinemia reported 








MATERIAL 


In this study, fifty tumors considered to be of thymic origin were re- 
examined histologically and the clinical histories were reviewed. In addition 
to material from Massachusetts Memorial Hospitals, eases were also obtained 
through the courtesy of Dr. James A. Graham, St. Elizabeth’s Hospital, Dr. 
William A. Meissner, New England Deaconess Hospital, Dr. Stanley L. Robbins, 
Boston City Hospital, and Dr. Caesar Tedeschi, Veterans Administration Hos- 
pital, Boston. Nine tumors were autopsy specimens, thirty-three were surgically 
resected from the anterior mediastinum, and eight were represented only by 
biopsies. Four of the latter were obtained during exploratory thoracotomy. 
Three were obtained through neck incisions in patients with clinical diagnoses 
of primary thyroid disease and retrosternal extension. The last biopsy speci- 
men was obtained from a metastatic scalp nodule and the primary mediastinal 
lesion was not examined. 

Seven of the autopsied eases had had advanced symptoms attributed to an 
expanding mass in the anterior superior mediastinum. Two of the patients 
died suddenly following administration of Dilaudid and Pentothal, respectively, 
while x-ray therapy apparently had accelerated the death of 2 others. One 
autopsied patient with myasthenia gravis died without surgical intervention. 
In the remaining ease, the tumor was an accidental postmortem finding in a 
patient whose death was ascribed to infestation with Strongyloides stercoralis. 


PATHOLOGY 


A diagnostic classification of thymic neoplasms must take into account three 
major tissue components of the thymus: (1) thymic parenchymal reticulum, 
believed to be of entodermal epithelial origin; (2) lymphocytes; and (3) con- 
nective tissues, especially fat. The four most recently published English and 
American detailed subclassifications of thymic tumors, those of Lowenhaupt,”* 
Effler and McCormack,” Lattes and Jonas,?* and Thomson and Thackray,* 
have many more similarities in their terminology than differences, considering 
possible chance variations in the types of case material available. In the 
present series, composite descriptive terms already proposed in these or other 
reports are applied to several of the thymic neoplasms, with the designation of 
adenoma or carcinoma added in accordance with their benign or malignant 
pathologie characteristics. 


Sy 
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Criteria of thymic cancer that have proved applicable to other tissues are 
microscopic anaplasia, and invasion, either gross or microscopic. The outer 
fibrous thymic tumor capsule may be found infiltrated or broken by neoplastic 
outgrowths, and this aggressive behavior indicates a locally malignant change. 
In fact, most thymic cancers are adenomas with capsular penetration and local 
tissue invasion, similar to the thyroid adenomas with capsular invasion, adaman- 
tinomas or cylindromas in their growth behavior. A few thymic carcinomas 
have implantation or embolic metastases, mostly within but occasionally out- 
side the thorax. Liver and cervical lymph nodes are apparently the most 
common sites of distant metastasis. 

When a mass lying in the usual anatomic position of thymus has a micro- 
secopie pattern of epithelial reticulum mingled with lymphocytes and trabeculae 
reminiscent of thymus, and the patient has ne other evident neoplasm else- 
where, a diagnosis of thymie neoplasm is warranted. Such diagnosis need not 
rest mainly on excluding other possible neoplasms, but rather upon certain 
positive criteria considered below. 


A. Epithelial Neoplasms.—In view of the common embryonic origin of the 
thymus, thyroid, parathyroid, and salivary glands from branchial pouches,° 
thymie epithelial neoplasms may logically be termed adenoma or carcinoma. 
Likewise, the difficulties that are encountered in the subelassification of thymic 
neoplasms and in the accurate assessment of their possible cancerous behavior 
are reminiscent of those encountered with neoplasms of the embryologically 
related thyroid and salivary glands. About two thirds of the tumors in this 
series were adenomas or carcinomas of the thymus, on microscopic examination 
subelassified as undifferentiated, reticular, trabecular, epidermoid, glandular, 
or adenoacanthomatous (Table II). 


TABLE II. PatTHoLocgic DIAGNOSES or 50 THyMiIc TUMORS 





TYPE AND TISSUE | ADENOMA 
A. Epithelial 
1. Undifferentiated 4 
2. Reticular 
a. Spindle cell 
b. Clear cell 
3. Trabecular 
. Epidermoid 
. Glandular 
. Adenoacanthomatous 


~| GARCINOMA | TOTAL 
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B. Lymphoid 

C. Embryonic 

D. Fatty 

E. Cystic 

F. Hyperplastic 
Totals 16 





1. Undifferentiated: 2 adenomas, 2 carcinomas. The 2 tumors considered to 
be histologically benign had been biopsied through neck incisions, and no data 
were available as to their gross size or the clinical outcome of the cases. 
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Microscopically there were masses of large uniform primitive cells, which had an 

epithelial appearance and which formed linear patterns brought out by reticu- 
lum stains (Fig. 1). Invasion was not demonstrated. 

One of the 2 undifferentiated carcinomas filled the anterior. mediastinum 
from apex to diaphragm with pink, moist, gelatinous, friable tissue. It had 
involved the left parietal and visceral pleurae, with microseopie intrapul- 
monary and mediastinal lvmph node metastases and a metastatic nodule in the 
liver at autopsy. The other carcinoma also involved both the pleura and peri- 
eardium. After excision it weighed 685 grams and measured 15 by 8 em. On 


rig: 2, Fig. 2 


; Fig. 1.—Portion of undifferentiated thymic adenoma, with pattern of large pale epithe- 
lial reticulum cells and smaller rounded lymphocytes. This type of tumor is sometimes 
called lymphoepithelioma. (Hematoxylin and eosin; 500.) 

Fig. 2.—Metastatic undifferentiated thymic carcinoma in liver. Abundant eosinophilic 
cytoplasm and variable nuclei of tumor cells are shown. (Hematoxylin and eosin; X125.) 


section, it was partly fiuctuant, variegated gray, red, yellow, and partly ne- 
erotic. Microscopically, both tumors were similar. The undifferentiated car- 
cinoma cells were large and eosinophilic with numerous mitoses and prominent 


nucleoli. Rare spindle cells and abortive concentric laminations of tumor cells 
simulated malformed Hassall’s corpuscles. There was invasion of the dense 


fibrous stroma and blood vessel walls, with hemorrhage accompanying the 
latter (Fig. 2). 


2. Reticular: 14 adenomas, 6 carcinomas. Two subtypes were recognized, 
(a) spindle cell and (b) clear cell. 

a. The reticular spindle cell adenoma, referred to as reticular perithelioma 
by Pope and Osgood*® and as lymphangio-endothelial by Hubbell and Liebow,"° 





obese 2? CRITERIA OF THYMIC CANCER 277 
is the most common and best known thymoma. The 12 spindle cell tumors 
weighed from 75 to 320 grams, averaging 144 grams in 10 eases, and measured 
from 7 by 5 by 4 em. to 13 by 9 by 6 em. Spindle cell adenomas occurred 
in every clinical group except Cushing’s syndrome. They were well eneap- 
sulated, firm, and the cut surfaces were usually shining pink to yellow-tan 
and moist, with gray fibrous trabeculations projecting into the solid tumor, 
producing lobulations (Fig. 3). 

Microscopically, as frequently deseribed previously, the oval, spindly 
epithelial cells were closely packed in cords and sheets with some perivascular 


Fig. 3.—Typical gross appearance of sectioned thymic spindle cell adenoma, weighing 320 

grams, removed from a 57-year-old man. 
whorling. Rare Hassall’s bodies were seen. There was local palisading around 
vessels, and simulation of rosettes, as well as growth patterns imitative of cer- 
tain meningiomas (Fig. 4). The epithelial masses were pale or brightly 
eosinophilic and often formed lobular masses between which sheets of lympho- 
eytes were seen. The latter were also interspersed among the reticular cells. 
Anaplasia and mitoses were usually absent. Dilated lymphaties, foei of 
phagocytosis of hemosiderin, and areas of hyalinization of the collagenous 
stroma were frequent. 

There were 2 reticular spindle cell carcinomas, and they were larger than 
the adenomas; one weighed 310 grams and measured 14 by 11 by 10 em. The 
second encircled the great vessels and invaded the pericardium. It was not 
resected and hence was not weighed or measured. The resected tumor ap- 
peared encapsulated, but histologically it appeared anaplastic and invasive 
and showed a peculiar hyaline droplet degeneration between the cells. Lymph 
node metastases were present, with similar intercellular droplets (Fig. 5). 
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b. Reticular clear cell adenomas were represented by two tumors, weigh- 
ing 75 and 120 grams. The latter was associated with myasthenia gravis. 
Grossly, they resembled other thymie adenomas, but microscopically the 
epithelial reticulum was composed of masses of large polygonal cells, many 
with watery cytoplasm, oval nuclei, and rather coarse nuclear chromatin (I'ig. 
6). There were 4 reticular clear cell carcinomas included, weighing from 65 
to 130 grams. They appeared to be partly encapsulated (Fig. 8), but micro- 
seopically invaded the surrounding fibrous stroma, and in 2 of 4 eases the 
adjacent chest wall or lymph nodes (Fig. 7). 

3. Trabecular: 3 adenomas, 3 carcinomas. This variety, also called 
adamantinomatous or cribriform, histologically simulates some neoplasms of 
other branchial pouch derivatives. Two trabecular adenomas were examined 
at autopsy. One, ocetirring’in a case of myasthenia gravis, measured 6 by 5 


we ; peer oP Rin a, 


Fig. 5. 
Fig. 4.—Rosette-like growth pattern of reticular spindle cell adenoma and elongated 
shapes of epithelial reticulum cells are evident. (Hematoxylin and eosin; X125.) 
Fig. 5.—Lymph node metastasis of a reticular spindle cell carcinoma has locally replaced 


une tissue, but the capsule remains identifiable at the top. (Hematoxylin 
by 3 em.; the other was 16 em. in diameter and weighed 320 grams. They 
were pink, glistening, and lobulated. Microscopically, the epithelial reticulum 
grew in cords and nodules of palisaded cells, regularly arranged in trabeculae 
and in focal areas lined up along lymphatie spaces (Fig. 9). The third tra- 
beecular adenoma was only biopsied. 

All three trabecular carcinomas produced pressure symptoms, surrounded 
the great vessels and trachea, and invaded the pleura and pericardium. Two 
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Fig. 6. Fig. 7. 
Fig. 6.—Clear reticulum cells from a thymic adenoma are shown. The two dark larger 
cells contain PAS-positive cytoplasmic granules. (PAS-aldehyde fuchsin-light green; 600.) 
Fig. 7.—Invasion of mediastinal connective tissue by masses of thymic carcinoma,’ which 
also infiltrated adjacent lung. (Hematoxylin and eosin; X60.) 


Fig. 8.—Grossly poorly demarcated and encapsulated thymic clear cell carcinoma from 
a 56-year-old man. (From the same case as Fig. 7.) 
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eases had implants on the posterior thoracic wall and diaphragm. Micro- 
scopically, there were characteristic tortuous ribbon-like cords of epithelium 
with nuclear anaplasia, reminiscent of some ameloblastic and salivary car- 
cinomas (Fig. 10). 


4. Epidermoid: 1 adenoma. Several thymie tumors had squamous foci, 
either as sheet-like masses or concentric nodules in 5 cases (Fig. 11), or with 
recognizable Hassall’s bodies in 7 of the total 37 solid neoplasms In addition, 
some degenerative cysts had squamous linings of epithelial reticulum cells. 
These cells were squamous-like but did not show all the morphologic details 
of epidermal squamous cells. One benign asymptomatic adenoma, 10 em. in 
diameter, was found composed predominantly of epidermoid cells, with abun- 
dant eosinophilic cytoplasm and Hassall’s corpuscles. Pure epidermoid ear- 
cinoma of thymus has been reported.'® 


Fig. 10. 

Fig. 9.—Local palisading of tumor cells along blood vessels and lymphatics, found in 
a trabecular adenoma. Here the appearance resembles that of some endocrine glands. (Hem- 
atoxylin and eosin; 200.) 

Fig. 10.—Trabecular carcinoma with cordlike growth pattern and invasion of fibrous 
connective tissue. (Phosphotungstic acid-hematoxylin; x80. 

Granulomatous thymoma or so-called Hodgkin’s variant of thymoma is a 
separate subtype of tumor listed in several other celassifications.** In the 
present series, granulomatous-appearing foci of epithelial reticulum cells were 
observed locally in one case each of clear cell adenoma, spindle cell carcinoma, 
clear cell carcinoma, and trabecular carcinoma. Such multinucleated giant 
cells occurred in otherwise typical thymic neoplasms chiefly in regions of 
marked degeneration and fibrosis, as postirradiation, or in the invasive or 
metastatic carcinomatous portions.'* 
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The granulomatous or giant cell foci were usually characterized by large 
mononuclear or multinucleated cells closely simulating the Reed-Sternberg 
eells of Hodgkin’s disease, particularly in hematoxylin and eosin preparations. 
Nueleoli were prominent and the nuclear chromatin scanty. At times, con- 
eentrie whorls of similar cells had a nuclear elongation, indicative of their 


Fig. 11.—Focal epidermoid growth pattern_of thymic carcinoma, with invasion of lung, 
surrounding the small bronchi in the center. Elsewhere this thymic carcinoma had a retic- 
ular pattern. (Hematoxylin and eosin; 125.) 


Fig. 
Fig. 12.—Special stain of giant cells from granulomatous focus of thymic carcinoma, 


demonstrating the cytoplasmic granulations characteristically found. (PAS-aldehyde fuch- 
sin-light green; X750.) 


Fig. 13.—Same stain of specimen of Hodgkin’s disease, with Reed-Sternberg cell, show- 
ing no cytoplasmic granules. (PAS-aldehyde fuchsin-light green; 750.) 
thymie origin, and not seen in lymphomatous reticulum eells.** *7 The peri- 
odie acid-Schiff (PAS)*! or Gomori aldehyde fuchsin methods stained coarse 
granules, respectively, red and purple in the epithelial giant cell cytoplasm 
(Fig. 12). Genuine Reed-Sternberg cells contained no cytoplasmic granules 
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that were stained by these methods (Fig. 13). Differential staining may 
warrant a wider application in future investigations of Hodgkin’s disease, 
particularly as to its imputed thymic origin. 


5. Glandular: 2 carcinomas. The benign adenoma of pure glandular 
pattern is unknown, but thymic adenocarcinoma has a significant status be- 
cause of its peculiar relation to Cushing’s syndrome. This combination has 
been described in 10 reported cases.® * 37 

One comparable case of the syndrome, previously reported,*” had a 1,898 
gram thymic adenocarcinoma with a histologic ribbon-like epithelial pattern 
excised. It had invaded the left lung. The patient did not survive operation, 
and at autopsy there was an embolic metastasis of adenocarcinoma to a medi- 
astinal lymph node. The other case was that of a 63-year-old, asymptomatic 
man without endocrine disease. He had a 135 gram, 8 by 6 by 5 em., homo- 
geneous, pink thymie adenocarcinoma resected. There was lymphatic invasion 
and metastases to 1 of 10 regional lymph nodes. Microscopically, the tumor 
was in part composed of cuboidal epithelium and somewhat resembled mammary 
carcinoma (Fig. 14). 


Fig. 14.—Thymic adenocarcinoma, without apparent endocrine correlations, growing in cords 
of cuboidal cells, with hyalinized stroma. (Hematoxylin and eosin; X125.) 


6. Adenoacanthomatous: 1 adenoma. This tumor measured 8 by 5 by 1 em. 
and produced pressure symptoms in a 72-year-old man. It was adherent to 
the aorta and pericardium at the cardiac base, and was locally calcified. Micro- 
scopically, there were glandular, papillary, and adamantinomatous regions, as 
well as epithelial cords, keratinized sheets and whorls, with partly formed 
Hassall’s corpuscles. No invasion was observed. 

Some thymic adenomas and carcinomas showed evident transitions between, 
and intermingling of, the reticular, trabecular, glandular, and epidermoid 
types of differentiation. Foci of reticular spindle or clear cells occurred in 
some neoplasms that were elsewhere chiefly trabecular. This variability of 
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pattern at times made classification difficult, a problem which is also encoun- 
tered in salivary gland neoplasms. The multiform growth patterns of thymic 
tumors may reflect the complex processes observed in its embryogenesis.** 

B. Lymphomas.—Two tumors are included. One was discovered in the 
chest x-ray film of a 77-year-old woman. On operative exploration, a large 
mass measuring 15 by 15 em. was found in the anterior mediastinum. The 
tumor was solid with many fungating excrescences around the large vessels. 
The other case, in a 9-year-old girl,- was recognized at autopsy. The entire 
mediastinum was filled with tumor. Her death was ascribed to pneumonia 
secondary to bilateral compression of the major bronchi by tumor. 

The neoplasm in the adult case was composed of rather large immature 
lymphoid cells with spherical or notched nuclei, classified as lymphosarcoma. 
In the child, mature lymphocytes predominated, and the tumor was considered 
a malignant lymphocytoma. Both neoplasms infiltrated and penetrated the 
fibrous thymic capsule, vessel walls and trabecular stroma in the manner 
characteristic of malignant lymphomas. In neither case was any lymphoma 
found elsewhere in the body. 

C. Embryonal Carcinoma.—One ease was so diagnosed. The patient had 
an anterior mediastinal tumor, clinically regarded as Hodgkin’s disease and 
treated with nitrogen mustard. Tissue was not obtained from the primary 
tumor, but before he died a metastatic lesion on the sealp was biopsied. Micro- 
seopically, the appearance was comparable to a poorly differentiated dysgermi- 
noma or testicular carcinoma, without any teratomatous features or lymphoid 
stroma. It was compatible with a mediastinal embryoma of the ‘‘seminomatous’’ 
type reported to develop in the thymus.?® * 


D. Thymolipoma.—The one ease found was asymptomatic; the tumor 
was discovered in a routine roentgenogram of the chest. It measured 11 by 7 
em., weighed 54 grams, and had the consistency and appearance of an ordi- 
nary lipoma. It was loosely adherent to the mediastinal structures, and 
microscopically was wholly composed of adult fat, aside from fibrous trabeculae 
suggesting thymus.*® 

E. Cysts—tThree cystic tumors are included. One was located in the 
neck, and 2 in the mediastinum. The cyst in the neck measured 4.5 by 4.5 by 
0.2 em. and was loosely adherent to the surrounding tissue. The cysts located 
in the anterior mediastinum measured 11 by 9 by 5 em. and 9 em. in diameter, 
with walls averaging 0.5 em. in thickness. They were loosely adherent to the 
surrounding tissues and contained thin viscid fluid. 

Microscopically, all 3 cysts had thymic tissue in their walls. The cervical 
and one of the mediastinal cysts were lined by epithelium like that found in 
branchial cleft eysts,*t squamous in the cervical and mixed columnar, mucus- 
producing and ciliated in the mediastinal cyst. The other cyst was lined by 
mesothelium.*® A cystic thymic choristoma has been described.® 


F. Hyperplasias—Nine tumors were included, which some pathologists 
would prefer to consider lymphoepitheliomatous thymomas. The largest 
weighed 550 grams and had the appearance of a tremendously enlarged thymus, 
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with a longitudinal fibrous furrow dividing the mass into two lobes. The 
smallest tumor measured 9 by 7 by 4 em. The average tumor was 3.5 by 1.8 
em. and weighed 250 grams (Fig. 15). All had a well-formed fibrous capsule 





Fig. 15.—Thymic hyperplasia, with shape and appearance of greatly enlarged thymus, measur- 
img’ 10.5 X95 xX °F 


Fig 16.—Si ation of germinal center of ]Iymphatic tissue in a thymic hyperplasia accom- 
panying myasthenia gravis. (Hematoxylin and eosin; X80.) 


that sent projections into the tumor dividing it into lobules. Cut surfaces 
were of pink or yellowish-pink color. Two tumors associated with myasthenia 
gravis contained small cysts filled with a gelatinous semisolid material. The 
rest were homogeneous. Hemorrhages were frequently present. Microscopi- 
eally, no definite cortex or medulla was distinguishable; instead there was a 
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generalized overgrowth of all thymic constituents except for Hassall’s cor- 
puseles, which were relatively few. Sometimes the thymie reticulum appeared 
vacuolated and formed rounded, lightly stained foci resembling germinal 
centers in lymphatie tissue (Fig. 16). No homogeneous or localized prolifera- 
tions were seen that could be termed neoplastic. In these 9 cases, there was no 
evidence of cancer and it is not clear that either major thymic component was 
neoplastic. Similar eases were included in the group designated hyperplasia 
by Bryan, MeDonald, and Clagett.’ 


CLINICAL DATA 


From data available in the clinical records 5 distinet clinical groups were 
distinguished (Table III). One ease could not be ineluded in the clinical 
survey because of insufficient information. 


TABLE III. CLINICOPATHOLOGIC CORRELATIONS OF 50 THyMIc TUMORS 





| CLINICAL GROUP 
| PRESSURE AND MISC. | MYASTHENIA 
| SYMPTOMS* | ASYMPTOMATIC | GRAVIS 
. Adenoma and Carcinoma Ad. Ca. Ad. Ca. Ad. Ca. 
1. Undifferentiated 2 2 0 0 0 
2. Reticular 
a. Spindle cell f Ly | ‘ 0 
b. Clear cell 0 1 
3. Trabecular 2 1 0 
. Epidermoid 1 0, 
5. Glandular 0 0 
6. Adenoacanthomatous 0 0 
. Lymphoma 
’. Embryoma 
. Lipoma 
. Cysts 
. Hyperplasia 
Total number of cases 




















*Includes 2 cases of refractory anemia and 1 case of Cushing’s syndrome. 


1. Pressure Symptoms.—20 eases. Usually there were indications of an 
expanding mass in the anterior superior mediastinum. These symptoms varied 
from the mildest anterior chest wall discomfort, pain, and cough to a marked 
venous distention of the neck and upper chest wall, with edema of the face 
and neck, cyanosis, dyspnea, and orthopnea. Hemoptysis and dysphagia were 
each present in three instances. Weight loss was marked in the more advanced 
eases. Three patients operated on prior to 1939 had tumor extensions into the 
suprasternal region, clinically originally interpreted in two instanees as colloid 
goiter and in the third as a carcinoma of the thyroid with retrosternal extension. 
One patient had a swelling in the lateral aspect of the neck like a typical 
branchial cleft cyst. The youngest patient in this group was 7 and the oldest 
72 years old. Seven patients died without surgical intervention. 

In all of the autopsied cases, there was invasion of one or more of the 
adjacent organs, such as pericardium, and pleura, as well as involvement of 
the large vessels of the superior mediastinum. As shown in Table III, there 
were 9 malignant thymie neoplasms among the 20 with pressure symptoms. 
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Most of the total thymic cancers in this series were found in this clinical group, 
and 2 of the 4 eases with lymph node metastases had pressure symptoms. The 
other 2 patients were asymptomatic. 


2. Asymptomatic.—20 cases. These tumors were discovered either acci- 
dentally during a complete medical investigation or in a survey x-ray film. 
One tumor was found at the autopsy of a patient who died from an unrelated 
cause. Two were cysts, both loosely adherent to the surrounding tissues, the 
larger weighing 275 grams and measuring 11 by 9 by 6.5 em. All but two 
of the solid neoplasms were well encapsulated and without invasion. They 
were completely excised. The largest measured 13 by 9 by 6 em. and weighed 
320 grams, and the smallest measured 6 by 5 by 4 em. and weighed 65 grams. 


Fig. 17.—Part of a reticular thymic adenoma in a case of aregenerative anemia. The 
peculiar block-like nuclear chromatin in the smaller rounded lymphoid cells is illustrated, in 
contrast to the appearance of Fig. 1. (Hematoxylin and eosin; X500.) 


Of the 2 tumors that were not sharply demarcated, one was a relatively 
small mass measuring 5 by 4 by 3 em. that had invaded the hilum of the left 
lung. It was excised together with the lung. The second measured 15 by 15 
em., had invaded the pleura, the pericardium and surrounded the great vessel. 
Only a biopsy was obtained. This latter tumor had been visualized first in 
a chest roentgenogram 14 years prior to surgical exploration. The youngest 
patient in the group was 20 years old and the oldest 63. Five of the 20 cases 
were diagnosed pathologically as thymic cancers. 


3. Myasthenia Gravis——7 cases. The average age was 40 years, ranging 
from 29 to 50 years. There were 4 women and 3 men. The average duration 
of symptoms prior to operation was 6 months, varying from 1 to 16 months. 
Pathologic diagnoses were thymic hyperplasia in 2 cases, reticular cell adenoma 
in 3, reticular carcinoma with capsular invasion in one, and trabecular adenoma 
in 1 ease. 

All 7 thymie tumors with myasthenia gravis, whether of hyperplastic or 
neoplastic type, contained abundant foamy or vacuolated reticulum eells re- 
sembling clasmatocytes, either scattered or in nodules in the thymus suggesting 
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lymph node germinal centers.2° This histologic feature was considered most 
suggestive of myasthenia,’ * ** although 3 other cases not associated with any 
neuromuscular disease also had structures present in thymic tumors resembling 
germinal centers. Six patients had the tumors excised, and one died before 
any surgical intervention, 6 weeks after the onset of symptoms. In one patient, 
myasthenia first developed following excision of the tumor.’* ?* Another pa- 
tient had a multi-endocrine disorder characterized by hypopituitarism with 
secondary hypogonadism and adrenal hypofunction. Myasthenia developed 
during endocrine treatment. 

Six of the tumors were well encapsulated and offered no technical diffi- 
culty to the surgeon. Only one had invaded the pleura and surrounded the 
great vessels. The largest tumor weighed 140 grams and measured 9 by 6 by 3.5 
em., the smallest weighed 25 grams and measured 2 em. in diameter. 


4. Aregenerative Anemia.—2 eases. These cases have been previously re- 
ported.** *7 Both tumors were well encapsulated, measuring 8 by 6 em. and 
10 by 9 by 5 em., the weight of the latter being 270 grams. Both were sur- 
gically excised and classified pathologically as reticular spindle cell adenomas. 
The associated lymphocytes were peculiar because of an abnormal block-like 
appearance of their nuclear chromatin, and similar abnormal ‘‘lymphoid’’ 
cells were present in the bone marrow biopsies that were completely devoid 
of erythropoiesis (see Fig. 17). One woman later developed agammaglob- 
ulinemia.”? 

5. Cushing’s Syndrome.—1 ease. <A 32-year-old man was subjectéd to 


thoracotomy and died during surgery. The tumor was found to be a thymie 
adenocarcinoma which was densely adherent to, and encircling the innominate 
veins, and had also invaded the pericardium and the hilum of the left lung.** 


DISCUSSION 


Recent studies of larger numbers of thymic tumors have improved path- 
ologic knowledge concerning classification of these peculiar and challenging 
neoplasms. The epithelial nature of a majority now seems accepted, as in- 
dicated by the terms of previous authors such as adamantinomatous, lympho- 
epitheliomatous, and eribriform. Acceptance of most thymic neoplasms either 
as adenomas or carcinomas may encourage a closer correlative comparison 
with the tumors of other branchial pouch derivatives. 

That thymie cancers metastasize only occasionally need not prevent their 
recognition. Ameloblastomas, basal cell carcinomas, cylindromas, gliomas, cer- 
tain thyroid tumors like so-called ‘‘wuchernde Struma,’’ and malignant men- 
ingiomas, among others, are recognized as cancers not likely to metastasize. 
Local compression, destruction and invasion of mediastinal structures may 
prove fatal in some thymie cancers before any metastatic deposits become 
established. Surgical specimens carefully studied may show invasion of at- 
tached lung, lymph nodes, and mediastinal connective tissues. 

Many mysteries surround the thymus as a possible endocrine gland or 
a reflector of a hormonal deficiency, such as with adrenal cortical or medullary 
hypofunction.*. Lymphocytes apparently are attracted by the epithelial 
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reticulum devoid of protective basement membranes,** but in response to what 
stimulus in unknown. Presence of PAS-positive cytoplasmic granules in thymic 
epithelium suggests some secretory activity correlated with leukotaxis. 

When thymie tumors contained vacuolated or hydropie reticulum cells 
in abundance, sometimes simulating lymphoid germinal centers, a likelihood 
of myasthenia gravis might be inferred. Nuclear chromatin was abnormal in 
the small thymie cells when aregenerative anemia existed. Adenocarcinomatous 
thymie tumors have predominantly been associated with Cushing’s syndrome. 

Antibody production is not a major activity of thymie lymphocytes, but 
during their intimate association with thymic reticulum some potentiality ap- 
pears to be acquired that is fulfilled by their mobilization and transport to 
other sites. As carriers of nucleoprotein, there is some tenuous evidence that 
thymie lymphoeytes participate in hematopoiesis.*? The present observations 
of dysplastic nuclear chromatin in lymphoceytie cells, both in thymie neoplasms 
and bone marrow of 2 eases of aregenerative anemia, would corroborate some 
linkage to erythropoiesis.* As noted, one of these cases subsequently developed 
agammaglobulinemia.”? 

The relationship between myasthenia gravis and the numerous vacuolated 
reticulum cells in the thymic tumors that accompany this disease is unknown, 
but others have already remarked on this association.’ ® 2% %° 

The environment found in Cushing’s syndrome oceasionally seems to be 
favorable for the development of the otherwise extremely uncommon thymic 


adenocarcinoma with its very seantily admixed lymphocytic component. Suf- 
ficient adrenal hyperplastic or adenomatous changes have usually been present 
to explain the hormonal dystrophy,’? and the thymie adenocarcinoma appears 
to be a product rather than the cause of the endocrine changes. The benefit 
of surgical extirpations of thymie tumors in the various associated syndromes 
has recently been reviewed by Soutter and his associates.*? 


In the major clinical groups, pressure symptoms and the superior vena 
caval syndrome were present in 40 per cent of the 50 cases—and 40 per cent 
of 23 symptomatic neoplasms were malignant. In our material, thymie cancer 
was found most commonly associated with pressure symptoms, although it has 
been claimed that almost three quarters of the reported malignant thymomas 
accompanied myasthenia gravis.** Among the 40 per cent of asymptomatic 
cases, discovered by routine examinations, 25 per cent of the thymic tumors 
found were cancerous. Metastases were found in lymph nodes of 4 cases 
among the total of 16 thymic cancers, or 25 per cent. 

Malignant lymphomas, including Hodgkin’s disease, that involve the 
mediastinum particularly but not exclusively, are not acceptable as of thymic 
origin in man, although a few unusual lymphomas evidently originate in and 
remain restricted to the thymus. This is analogous to the peculiar tendency to 
certain localized lymphomatous growths of the stomach and about the head and 
neck. Granulomatous thymic carcinoma may be confused with Hodgkin’s 
disease by experienced pathologists, unless special differential staining reactions 
now available are utilized. 
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Greater familiarity with thymie tumors may eventually contribute to a 
better elucidation of the physiopathology of the thymus as a participant in the 
metabolism of the growing child and in certain uncommon diseases of adults. 


SUMMARY 


Fifty thymie tumors, including 21 adenomas, 13 carcinomas, 2 malignant 
lymphomas, and 9 thymic hyperplasias have been classified and investigated 
clinicopathologically. Twenty patients had pressure symptoms, 20 were asymp- 
tomatic, 7 had myasthenia gravis, 2 aregenerative anemia, 1 agammaglob- 
ulinemia, and 1 Cushing’s syndrome. Four carcinomas developed regional 
lymph node metastases, and the others had invaded contiguous tissues. Criteria 
of thymie cancer, cytologic peculiarities of the thymie tumors that accompanied 
myasthenia gravis, aregenerative anemia, or Cushing’s syndrome and the dif- 
ferentiation by special staining of granulomatous thymie careinoma from 
Hodgkin’s disease are considered. 
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THE NATURAL HISTORY OF CARCINOMA OF THE LUNG 


George L. Emerson, M.D., Marion S. Emerson, M.D., and 
Charles E. Sherwood, M.D., Rochester, N.Y. 


r THE MAJORITY of instances, early diagnosis and ablation of cancer will yield 
the greatest number of cures. Since the most radical operation practicable 
is currently used for cancer of the lung, earlier diagnosis should improve the 
present 3 to 6 per cent cure rate. 

Use of clinical diagnostic methods such as bronchoscopy, cytology, scalene 
biopsy, and thoracotomy have increased in recent years and have helped to make 
earlier definitive diagnosis. However, a significant change on a roentgenogram 
of the chest frequently is the first positive finding and often precedes clinical 
symptoms. The principal objective of this study has been to gain new informa- 
tion about these early changes and, where possible, to observe the alteration 
in such x-ray shadows with the passage of time. To this end, all roentgeno- 
grams obtainable on proved eases of pulmonary cancer have been colleeted.and 
studied. 


METHOD 


Over 400 cases of pulmonary cancer seen in this hospital have been re- 
viewed. This report covers 360 proved eases, the majority having been diagnosed 
within the past 15 years. Records were abstracted and information was solicited 
from surviving patients, families, physicians, hospitals, and other institutions 
where radiographs may have been taken. Any past radiographs available 
were gathered and reviewed in conjunction with later films made at the time 
of the diagnosis of the patient’s carcinoma. All films were studied in joint 
session by the authors. Where there was any question of the presence of an ab- 
normal shadow, the opinion of two unbiased senior radiologists was obtained. 


RESULTS 


While the radiographic study of these cases has been the prime aim of 
the project, certain ancillary statistical information is included for general in- 
terest with no further elaboration. Tables I through VI list statisties relating 
to age, sex, occupation, smoking habits, symptoms, diagnostic methods, and eell 
type. 

From the Departments of Medicine. Radiology, and Surgery, The University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 
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TABLE I. SEX AND AGE DISTRIBUTION IN 360 CASES OF LUNG CANCER 











~ NUMBER | PER CENT | AVERAGE AGE 
Male 313 87 59.4 
Female 47 13 56.2 


Total 360 100 58.9 









































[ay to 40 


Age distribution of patients 








TABLE II. OccUPATIONS IN 360 CASES OF LUNG CANCER* 





OCCUPATION NUMBER | PER CENT 7 


— 


White collar worker 22. 
Housewife 37 10.3 
Not known 34 9.4 
Hazardous dust exposure 29 
Truckdrivers and mechanics 
Laborers 

Carpenters 

Farmers 

Machinists 

Painters 

Railroad yard and engine workers 
Restaurant workers 

Tailors 

Janitors 

Plumbers 

Pressers 

Garbage collectors 

Bartenders 

Barbers 

Gardeners 

Laundry workers 

Porters 

Stationary engineers 

Basket weavers 

Firemen 

Grocers 

Policemen 

Printers 

Miscellaneous (1 each) 


*Total figure reflects multiple occupations. 
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TABLE III. SmMoxkING Habits IN 360 Cases oF LUNG CANCER 











WOMEN MEN TOTAL 
No. | % | no | % No. | 
No information 18 38 129 41 147 
Nonsmokers 18 38 a 2 25 
Group A smokers* 6 13 92 30 98 7 
Group B_ smokerst 5 11 85 27 90 25 
Total 47 100 313 100 360 100 
ie ae ian TOTAL FOR 
MEN EXPOSED MEN EXPOSED TO SMALLER GROUP 
TO DUSTt | COMBUSTION FUMES PAST 4 YEARS$ a 
“NO. | % | NO. % ee a 
No information 9 31 6 23 39 24 
Nonsmokers 0 — 0 — 12 
Group A smokers 7 24 4 15 56 
Group B_ smokers 13 45 16 62 55 
Total 2 


9 ~ 100° 26 ~=~—«1000 162 
*Smokers of less than 1 package per day. 

*Smokers of 1 package or more per day for 20 plus years. 

{For example, dusts with a potential for producing pneumoconiosis. 
§Reflects better recorded information in more recent years. 

















TABLE IV. OCCURRENCE OF SYMPTOMS IN 360 CASES oF LUNG CANCER 











FIRST SYMPTOM l LATER SYMPTOMS —~ 


| 


. Sputum 

. Chest pain 

. Hemoptysis 

Dyspnea 

. Weight loss 

Cough 

. Wheeze 

. Pleuritie pain 27 
. Hoarseness 23 
. Nerve disorder 21 








. Cough 
. Chest pain 
. Weight loss 
. Dyspnea 
. No symptoms 
. Fatigue 
. Bone pain 
. Pleuritie pain 
. Nerve disorder 
. Hemoptysis 
. Hoarseness 
2. Mass in neck 
. Mise. (1 each) 
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TABLE V. DIAGNOSTIC PROCEDURES IN 360 CASES OF CARCINOMA OF THE LUNG 


| PER CENT OF | PER CENT OF 
= PROCEDURE NUMBER PROCEDURES SERIES 
Bronchoscopy ae aa . 
Total examinations 230 100 64 
Abnormal appearance 191 83 53 
Positive biopsy 99 43 28 
Negative biopsy 39 17 11 




















Scalene Biopsy 
Total examinations 70 100 19 
Positive biopsy 46 66 13 
Negative biopsy 24 34 7 


Papanicolaou Smear 
Total examinations 84 100 
Positive 63 75 
Negative 25 


Thoracotomy 
Total operations 
Pneumonectomy 
Lobectomy 
Nonresectable 
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TABLE VI. CELL TYPE IN 360 CASES OF CARCINOMA OF THE LUNG 





CELL TYPE | MEN ] WOMEN | TOTAL | PER CENT 
Epidermoid 137 9 146 40 
Undifferentiated 

epidermoid 127 16 143 4 
Adenocarcinoma 16 33 
Oat cell 17 a iY 
Not classified 6 
No section (gross 
appearance; cytology) 10 











Table VII is a clinical analysis of 10 patients surviving 5 years or more, 
an incidence of 2.8 per cent of the total group and 3.1 per cent of the cases seen 
during the 15-year period in which these survivors were diagnosed. 

Table VIII indicates the average interval from the first symptom to clinical 
diagnosis, to pathologie diagnosis, and to death in varying numbers of patients. 

Of major concern in this study is the information tabulated in Tables TX 
and X. These indicate the average interval elapsing between the earliest radio- 
graphie evidence of the individual’s cancer and the clinical diagnosis (Table 
IX) and the pathologie diagnosis (Table X). In each ease, this is averaged 
for four categories: (1) all eases; (2) exeluding patients in which the interval 
between the earliest radiographic evidence and diagnosis was zero; (3) excluding 
patients in which this interval was less than 3 months; and (4) excluding all 
eases in which this interval was less than 6 months. Because of the nature of 
the shadows seen in x-ray studies at the time of diagnosis, it is highly probable 
that some abnormality would have been present if films had been taken at any 
point during the 6 months or year prior to diagnosis. Therefore, the more 
significant is the last group. Rigler and his group have been interested in the 
duration of pulmonary cancer for some time and have brought out this point.* ‘ 


Radiographic Findings.—As previously stated, the major interest in this 
project has centered around a study of the early radiographic evidences of 
carcinoma of the lung. In reviewing all earlier films, changes have been sought 
which could be correlated with the eventual, more gross evidence, of the neo- 
plasm. The types of change seen and their frequency are recorded in Table XI. 


1. Obstructive pneumonitis: One of the commonest morphologic manifesta- 
tions of lung eancer, found in 36 per cent of this series, is the encirclement of, 
or growth into, a bronchus by the neoplasm. This produces a partial obstruction 
and consequent poor drainage distally. Radiographically, the tumor itself may 
not be seen while the secondary changes of obstructive pneumonitis are quite 
common. The term implies a subacute or chronic infiltration with additional 
evidence of decreased lung volume locally. An illustration of this is given 
in Figs. 1-4. The inflammatory process is indicated by the heavy linear infiltra- 
tion at the left base and the partial atelectasis by the elevated diaphragm. 


2. Parenchymal mass: Twenty-two per cent of the cases had radiographs 
revealing the direct shadow produced by the more peripherally situated tumor. 
Illustrations of this are found in Fig. 5, representing a slowly growing lesion, 
and in Figs. 6-9, representing a rapidly progressive neoplasm. It will be noted 
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TABLE VIII. AVERAGE INTERVAL BETWEEN First CLINICAL SYMPTOM AND CLINICAL 
DIAGNOSIS, PATHOLOGIC DIAGNOSIS, AND DEATH IN 359* CASES OF LUNG CANCER 














Mme Ajay : | AVERAGE | 
| NO. OF INTERVAL EXTREMES 
| PATIENTS (Mo. ) | OF INTERVAL 











Interval between first 

symptom and clinical 

diagnosis 359 6.8 
Interval between first 

symptom and patho- 





0 to 60 mo. 











logic diagnosis 359 7.8 0 to 60 mo. 
Interval between first 
symptom and death 305 13.8 2 wk. to 104 mo. 





*One case had no recorded clinical history. 











AVERAGE INTERVAL BETWEEN THE EARLIEST RADIOGRAPHIC EVIDENCE OF LUNG 
CANCER AND THE CLINICAL DIAGNOSIS IN 350* CASES 





TABLE IX. 






























aia ais AVERAGE 
NO. OF INTERVAL 

| PATIENTS (MO.) 

All eases 350 4.0 






Excluding 153 cases in which 
earliest evidence coincides with 
the clinical diagnosis 197 (56%) ie 

Excluding 238 cases in which 
the -earliest evidence was less 
than 38 months from elinical 
diagnosis 112 (32 %) 11.8 

Excluding 276 cases in which 
the earliest evidence was less 
than 6 months from clinical 

diagnosis 74 (21%) 15.9 


*Ten cases of series had no available x-ray studies for review. 



































AVERAGE INTERVAL BETWEEN THE EARLIEST RADIOGRAPHIC EVIDENCE OF LUNG 


a 
CANCER AND THE PATHOLOGIC DIAGNOSIS IN 350* CASES 


TABLE 


























re a | AVERAGE 
| NO. OF INTERVAL 

PATIENTS (MO.) 

All cases 350 5.1 






Excluding 81 cases in which 

the earliest evidence coincides 

with pathologie diagnosis 269 (77 %) 6.1 
Excluding 215 cases in which 

the earliest evidence was _ less 

than 3 months from the patho- 

logie diagnosis 135 (39 %) 12.2 
Excluding 238 cases in which 

the earliest evidence was less 

than 6 months from the patho- 

logic diagnosis 92 (26%) 16.1 























*Ten cases of the series had no available radiographs for review. ! 
that, of the ten parenchymal lesions a centimeter or smaller in size, none was 
associated with any other radiographic change. However, half of those over a 
centimeter in size were associated with other abnormalities such as hilar enlarge- ¢ 
e 


ment, mediastinal nodes or pleural effusion, an indication of extension of disease. 
This is a strong argument for early excision of any questionable peripheral 






lesion. 
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3. Hilar nodule: In 20 per cent of this series, a subtle increase in size of 
the hilar shadow was found, frequently best observed by comparison with a 
previous normal x-ray study. In the majority of instances this change repre- 
sented the direct evidence of the neoplasm (Figs. 10 and 11). 


4. Hilar mass: Almost equal in frequeney of presenting radiograpliie shad- 
ows was the much more obvious massive enlargement of the hilar shadow, a 
change making diagnosis much easier and prognosis correspondingly poor. 


TABLE XI. TYPES OF EARLY RADIOGRAPHIC ABNORMALITIES FOUND IN 350* CASES 
PROVED TO BE LUNG CANCER 

| ~ FOUND (wit 1 OTHER| WITH 2 OTHER 

RADIOGRAPHIC TOTAL ALONE | ABNORMALITY ABNORMALITIES 


FINDING —" fn. eNO (Owe Ne 1 Oe F onde bo % 














56 15.5 13 
24 6.7 8 
24 6.7 8 

0 0 
47 3. 8 
25 i 9 


26 oe 0 





—_ 
a 
for) 


Obstructive pneumonitis 129 36.8 
Parenchymal mass 77 21.4 
Over 1 em. in size 67 18.6 
1 em. or less in size 10 2.8 
Hilar nodularity 72 20.0 
Hilar mass 69 19.4 
Atelectasis 53 14.8 
Mediastinal nodes or 
mass 32 8.9 19 
Pleural effusion 30 8.3 4 é 20 
Parenchymal fibrous in- 
filtrate 11 3.1 
Perihilar infiltrate 10 2.8 
Parenchymal mass with 
breakdown § 
Obstructive emphysema {i 
Lung infection with ab- 
cess ) 
Diffuse parenchymal 
tumor 2 0.6 0.3 ] 


Mp Rr 
ono 0-3 


ie | 





*Ten cases of total series had no available radiographs for review. 


5. Atelectasis: Atelectasis was found in 15 per cent of the patients. Since 
all but one of these have died, complete obstruction of a bronchus from a tumor 
is considered by the authors as a poor prognostic sign. Figs. 12 and 13 illus- 
trate a patient presenting with left lower lobe atelectasis which was thought 
to be an aortic aneurysm. 

6. Parenchymal infiltrative density: An example of a carcinoma beginning 
as a vague fibrous infiltration is shown in Figs. 14 and 15. This change is found 
with the same frequeney as the small parenchymal nodule but is more often 
confused with old infection. 

7. Miscellaneous: Less frequent presenting radiographic changes such as 
fluid, emphysema, abscess, ete., are listed in Table XT. 


DISCUSSION 


An average interval of almost 7 months between the first symptom and the 
clinical diagnosis emphasizes the continued need for improvement in cancer 
education of the public and the medical profession. 

Again, referring to Tables [IX and X, an interval between abnormal x-ray 
shadows and diagnosis of 4 months for all cases, or almost 16 months for a 
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6-17-54 11-12-54 


Fig. 3. Fig. 4. 


Figs. 1-4.—S. D., SMH No. 65317. <A 47-year-old former truck driver with cough for the 
past 20 years which was worse following a bout of pneumonia 3% years before. He had 
had frequent bouts of bronchitis. Patient was followed with x-ray studies which were inter- 
preted as chronic pneumonitis for 744 months during which time he lost 16 pounds in weight. 
Bronchoscopy and left pneumonectomy on 11/19/54 revealed epidermoid carcinoma. Patient 
is alive and well as of December, 1957. Progressive obstructive pneumonitis in the left 
lower lung field is seen in Figs. 1, 2, 3, and 4. 
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Fig. 8. Fig. .9. 


Figs. 6-9.—A. H., SMH No. 230290. A 53-year-old male worker in a_ tuberculosis 
sanitarium with negative yearly chest roentgenograms from 1937. His first symptom of 
hoarseness did not occur until 3 months after the film illustrated in Fig. 6. This was followed 
as tuberculosis without bacteriologic proof. In contrast to the case in Fig. 5, note the rapid 
growth of the lesion in the left upper lung field; also note rapid enlargement of the hilar 
shadow and mediastinal extension in 10 months (Figs. 7, 8, and 9) 
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7-21-48 ae 7-6-49 


Fig. 10. Fig. 11. 


Figs. 10-11.—R. W., SMH No. 298690. <A 66-year-old man admitted July, 1949, with 
cough, hemoptysis, wheeze, and a 20-pound weight loss during the preceding 2 months. 
Chest x-ray studies a year before admission (Fig 10) revealed an ill-defined, round density 
at the upper right hilum. A year later this had enlarged with a considerable component 
of atelectasis of the right upper lobe as indicated by the elevated hilum and diaphram (Fig. 11). 
Biopsy of a cervical lymph node revealed anaplastic carcinoma. Patient died one month fol- 
lowing a course of palliative radiation therapy. 


1-12-53 A we 4-20-54 


Fig. 12. Fig. 13. 


Figs. 12-13.—M. Mc., SMH No. 181748. A 65-year-old counterman admitted in November, 
1954, with increasing cough during the preceding 2 years and a 35-pound weight loss. He 
had had negative chest films until 11/23/53 (Fig. 12) when an interpretation of thoracic 
aortic aneurysm was made. The dense shadow along the left heart border is actually an 
atelectatic left lower lobe with the outline of the heart border seen through it. Five months 
later (Fig. 13), further collapse is shown with associated emphysema of the left upper lobe. 
Biopsy at bronchoscopy revealed epidermoid carcinoma and thoratomy proved the lesion 
to be inoperable. Patient died 9 months later. 
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smaller, more significant group, plays a prominent part in the delayed diag- 
nosis of pulmonary cancer. If we are to improve the cure rate, all methods to 
shorten this interval must be used. 

The data relating to the early radiographic findings in cancer of the lung 
have emphasized that certain changes are highly significant. Hilar, mediastinal 
and large parenchymal masses, as well as gross atelectasis, produce radio- 
graphie shadows stronely suggestive of eareinoma and are of serious prognostic 
import. Somewhat less obviously produced by a eancer but to be viewed with 
a high degree of suspicion are obstructive pneumonitis, the small hilar nodule, 
localized emphysema, and thick-walled irregular abscesses. These carry a slightly 
less grave outlook, when diagnosed without delay. 


6-17-49. ae ; 3-10-52 


Fig. 14. Fig. 15. 

Figs. 14-15.—J. W., SMH No. 295160. <A 58-year-old male reporter admitted in March, 
1952, with fatigue, cough, and upper chest pressure. Admission chest film (Fig. 15) revealed 
a large right apical mass and review of a film taken 2% years previously (Fig. 14) showed 
was proved to be inoperable and biopey revealed adenocafeisoms. Patient died € uionthe later. 
Much has been written recently about the isolated parenchymal nodule 
which the authors feel is malignant until proved otherwise.’ As indicated 
above (Table XI), the smaller the nodule, the less apt it is to have other 
associated radiographic changes and the better is its prognosis. It is felt that 
the small persistent infiltrative density should be viewed with almost as much 
suspicion as the isolated nodule. It will most frequently be confused with a 
residual fibrous change from inflammatory disease and the distinction, on pure 
radiographic grounds, is often impossible with a single film. As in the study of 
changes in the hilar region, the review of current films with any other previous 
films is of great aid in evaluating the parenchymal nodule and infiltrative 
density. Even if there are no clues to the radiographic differentiation, the 
persistent parenchymal infiltrate warrants close follow-up and thorough clinical 
evaluation. The inerease in number of resections now being done for these 


lesions should yield a better 5-year survival. 
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A definite factor in late diagnosis of carcinoma of the lung is the abnormal 
film which is read as normal. This will happen with even the most experienced 
eye and will not be completely eliminated. However, all efforts can be construe- 
tively directed toward keeping this factor to a minimum. In the case of mass 
survey examinations, it is frequently not trained radiologists or chest specialists 
who interpret the films but other physicians, equally loath to miss a diagnosis 
but without the specialists’ experience. In such eases, and even in the estab- 
lished x-ray department, the ideal would include double reading of films, par- 
ticularly the normal films. 

A very minimal change in the hilar shadow is frequently overlooked on a 
single film where it would be more obvious when compared with a previous 
normal film. Consequently, when a patient is being studied for possible chest 
disease, every effort should be made to gather all available past roentgenograms 
for combined study by the clinician and radiologist. In this regard, the destrue- 
tion of chest films should be discouraged. 

As indicated by Table IX, some 44 per cent of the patients in this series 
had no film taken prior to the time of diagnosis, or none was available. Yet, 
the changes present on admission films were such that many patients would 
have had positive radiographs if films had been taken during the preceding year. 
An inerease in the frequeney of films should, therefore, provide earlier case 
findings. In order to inerease the number of chest films taken, the general 
increase in mass surveys in people over 40 years of age must be supported and 
patients must be encouraged to obtain periodic x-ray studies of the chest along 
with physical examinations. Where practical, the individual should be en- 
couraged to have routine x-ray studies done at the same radiologic unit for 
better comparison follow-up. 

Confronted with a suspicious shadow on a chest film and a consequent sus- 
picious lesion in the thorax, it is mandatory that there be continuity of observa- 
tion and patient care. Increasing numbers of patients suspected of a cancer 
of the lung today are given the advantage of modern methods of diagnosis. 
Where the working diagnosis of pulmonary cancer is made more promptly on first 
recognizing abnormal x-ray shadows, these diagnostic methods will be employed 
earlier in the course of the disease. It should be emphasized that a high index 
of suspicion will necessarily make more diagnoses than there are cases and one 
cannot presume that all suspicious lesions will turn out to be ecaneer. How- 
ever, unless one presumes that they might, the toll of bronchogenic carcinoma 
will not be significantly reduced. 


SUMMARY 


This paper is a study of 360 cases of proved bronchogenic carcinoma with 
particular reference to the radiographic appearance of such lesions on any past 
radiographs before definitive diagnosis. Statistical information has been accu- 
mulated for general interest. 

The average interval of time between early radiographic change and diag- 
nosis for all patients was 4 months. In a selected group (considered more 
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significant) in which radiographs were available more than 6 months before 
diagnosis, this interval reached the alarming figure of almost 16 months. 


The types of early radiographic changes are described. Methods of reduc- 
ing the time interval between radiographie change and diagnosis and, thus, 
improving the current low eure rate, are discussed. 


The authors wish to express their appreciation to Dr. Roger Terry, Department of 
Pathology, for his contribution in reviewing the pathologic sections, and to Mr. William 
Cornwell, of the Eastman Kodak Company, for his help m reproducing some of the radio- 
graphs. 
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THE SCALENE LYMPH NODE BIOPSY 


Gustav Bansmer, M.D.,* G. H. Lawrence, M.D.,** and 
Lucius D. Hill, M.D.,** Seattle, Wash. 


— NODES in the lower anterior cervical triangle and the retroclavicular 
area have long been recognized as a site of metastatic carcinoma from dis- 
tant viscera. Virchow’s node is a time-honored finding, classically indicating 
dissemination of a gastric carcinoma to the cervical lymph nodes. Lymphatic 
drainage of the body has been well plotted by anatomists, but the greatest 
familiarity was developed in those areas most commonly encountered by the 
surgeon. As a result, the lymphatie drainage of the thorax was of little elini- 
cal interest until the recent development of thoracic surgery. Although the 
lymphatic pathways of the thorax, pleura, and mediastinum have been docu- 
mented by Rouviere,*? much in advance of its practical usefulness, it was not 
until 1949, when Daniels! first demonstrated that the nodes overlying the 
sealene muscles could be sampled in order to gain histopathologic diagnosis 
of intrathoracic disease, that the work of the earlier anatomists became of 
pressing importance. In 1904, Delamere, Poirier, and Cuneo* showed that the 
lymph nodes of the lower cervical area also receive the drainage of the 
mediastinal lymphatics, and were not just a part of the drainage system of 
the head and upper extremities. Twenty-five years later, Rouviere* plotted 
the lymphatic fields of the lungs, pleura, and mediastinum and correlated the 
previous information. 

Daniels’ ability to make a tissue diagnosis of intrathoracic disease by 
biopsy of the supraclavicular nodes in 5 patients stimulated much interest in 
this area and more data beeame available for study. There is much confusion 
of terminology in the literature relative to this cluster of nodes and, at 
present, the term, sealene node, is becoming the most commonly used. Regard- 
less of the term used, those nodes which lie in the fat pad over the anterior 
scalene muscle in the triangular space bounded by the carotid sheath 
medially, the omohyoid muscle supralaterally, and the subelavian vein in- 
feriorly, are commonly called the sealene nodes. Even though they may 
be designated otherwise, the entity remains the same when the anatomic 
landmarks are the ones deseribed. Rouviere’s work has been of extreme 
value in developing the rule of thumb for selecting the site for biopsy. 

Received for publication July 30, 1958. 
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Harken* has stated this quite simply. If the lesion is right sided a right 
scalene biopsy only is done. If the lesion arises in the left lower half of the 
lung field, then a bilateral biopsy is done, and if the lesion is confined to the 
left upper lobe, only the left side is sampled. Figs. 1 and 2 show the outline 
of the lymphatic pathways of the lung fields. In addition to this rule of 
thumb, variations must be included. If there is only mediastinal disease, the 
side showing the most involvement is selected and if there is bilateral disease 
with neither side predominating, then both sides are biopsied. When there is 
sufficient suspicion that a lesion may have eseaped the confines of the lung, 
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Kig. 1.—Illustrates the drainage pathways from the lung fields with their termination in the 
scalene nodes (adapted from Rouviere). 

a bilateral sealene node biopsy may yield a tissue diagnosis even if the most 
likely side is negative. There are intra-anastomotie channels which may per- 
mit cross metastases and, in selected cases in which the biopsy from one side 
is negative, it may be advantageous to include the opposite side even though 
it would not ordinarily fall into the route of drainage. When the scalene node 
biopsy is being done for extrapulmonary carcinoma, these rules do not apply. 
If abdominal carcinoma is suspected, the left sealene nodes are more likely 
to be involved because of their association with the thoracie duct. When there 
has been malignaney of extrapulmonary origin, the yield has been more re- 
warding on the left.° 

In the past 9 years since Daniels first published his results, there has been 
an increasing use of this diagnostic procedure. However, opinions vary as to 
its value and its indications. In the review of our own material at the Mason 
Clinic, it becomes evident that the frequency of sealene node biopsy has risen 
markedly. At the outset, biopsies were obtained sporadically but with greater 
use the impression arose that much useful information was obtained and a 
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statistical review of our own data has confirmed these impressions (Table I). 
In order to evaluate further our data and compare it with the material avail- 
able in the literature, a composite table has been drawn from previously pub- 
lished series and formed into a single group which includes the material avail- 
able from this institution (Table IT). 

Our present policy is to perform (1) a sealene node biopsy on any patient 
with an undiagnosed pulmonary infiltrate, and (2) prior to thoracotomy if a 
positive bronchoscopic biopsy has been obtained. We feel a positive sealene 
lymph node represents a contraindication to further surgery. Thus, all pro- 
spective candidates for a thoracotomy, in whom even the remote possibility of 


Bonanee, 


Fig. 2.—A schematic outline of the lymphatic drainage when pleural fusion has occurred 


(adapted from Ackerman and Regato). 
malignaney exists, are given the benefit of sampling of the scalene nodes be- 
fore being committed to thoracotomy. Boeck’s sarcoidosis has such a high 
degree of pulmonary involvement that an increasing number of patients sus- 
pected of having Boeck’s sarcoidosis are included in the group whose diag- 
nosis and management may be most accurately planned on the basis of findings 
in their nodes. 

Those patients who demonstrate metastatic bronchogenic carcinoma in the 
sealene nodes are not considered candidates for pulmonary resection even if 
the lesion were technically resectable. This opinion is not unique to this in- 
stitution and has been expressed by other authors.* * ** The opinion of non- 
resectability is based on the assumption that no benefit is afforded the patient 
by thoracotomy with or without pneumonectomy if the lesion has already 
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shown evidence of escape not only beyond the confines of the lung, but also 
beyond those mediastinal lymph nodes which could be encompassed by medias- 
tinal node dissection. The exceptions to these contraindications occur in pa- 
tients who have persistent, severe bleeding, or where an abscess lies distal to 
the primary neoplasm. One other exception to this rule is found in those pa- 
tients who on histopathologic study show minimal involvement by a carcinoma 
which is thought to be of low-grade activity; in these situations, thoracotomy 
may be attempted. It should be emphasized that this has not as yet occurred 
in our experience. In summary, we believe that a diagnosis of metastatic car- 
cinoma of a sealene lymph node is valid evidence of nonresectability. 

Although the primary use of the scalene node biopsy has been in either 
primary or metastatic pulmonary cancer, it is of even greater value in estab- 
lishing a diagnosis of Boeck’s sareoidosis. Tumors of extrapulmonary origin 
have also been identified. Gastric, pancreatic, and breast carcinomas have 
been demonstrated in these nodes. Halsted originally ineluded this area as a 
part of his dissection in radical mastectomy. In 119 patients, he found posi- 
tive supraclavicular (sealene) nodes in 44, and of these only 2 survived 5 years 
postoperatively. Haagensen® has biopsied these nodes in an extensive group 
of cases, classifying as inoperable those cases with positive nodes. In addi- 
tion to the metastases from remote carcinoma and involvement by sarcoidosis, 
the etiologic agent in the pulmonary granulomas, mycoses, and pneumono- 
conioses has been identified in the sealene nodes. It should be emphasized 
that nonpalpable nodes are in no way a contraindication to this diagnostic 
technique. 

The technique is simple and is done under loeal anesthesia. A 3 em, in- 
cision is made extending from the posterior border of the clavicular head of 
the sternocleidomastoid musele posteriorly 1 em. above and parallel to the 
clavicle. The platysma is divided. The sternocleidomastoid is retracted an- 
teriorly and the omohyoid superiorly. The fat pad containing the nodes is 
exposed and is excised by sharp and blunt dissection. Palpable nodes if 
present, may be removed individually to shorten the procedure, following 
confirmation of diagnosis by frozen section. Likewise frozen section may be 
used if a two-stage procedure is contemplated. Recognition of the transverse 
cervical vessels and ligation, when possible, will reduce troublesome bleeding. 
The wound is closed and if the patient is being followed on an outpatient basis, 
a few hours of postoperative observation is all that is required. The complica- 
tions have been minimal and consist mostly of serous or at times minimal 
chylous drainage. Pneumothorax has been reported. Simple measures will 
control the few complications that do arise. 

Failure to obtain a diagnosis may have several origins, the most obvious 
being that there is no involvement of these nodes but, in general, one should 
expect involvement. The failure may be due to (1) inadequate removal of 
tissue from the proper area; (2) choice of incorrect side or failure to do both 
sides; and (3) blockage of more proximal lymphatic channels by tumor, pre- 
venting the extension of spread into the sealene nodes. We suspect the first 
reason as being the most common cause of failure. 
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RESULTS 


One of the problems that initiated this review was to assess the over-all 
value of the scalene node biopsy in determining the operability of primary 
pulmonary cancer. Other observers have reported a yield of positive nodes 
varying from 6.3 per cent to 59.5 per cent. Shields and Shockett** believe the 
procedure has such a low yield that its routine use is not indicated when the 
lung is clinically resectable. In Table I the findings in 118 sealene node 
biopsies performed at The Mason Clinie are shown. Of the total number of 
patients with lung carcinoma in which a sealene node biopsy was done, 21 or 
48.8 per cent yielded a positive diagnosis and were therefore spared a needless 
thoracotomy. In Boeck’s sarcoidosis, a tissue diagnosis could be made in 14 
out of 15 cases for a 93.3 per cent yield. In 13 additional cases of positive 
nodes, malignancy was of extrapulmonary origin. Of these, 2 were ovarian 
carcinoma, one gastric, a lymphoepithelioma, one a breast carcinoma, 6 lympho- 
mata, and one in which the primary tissue of origin could not be identified. 


One of the least common uses that has been made of this technique has 
been its value in identifying carcinoma of remote origin. We are at present 
directing its application to more of these cases. Schiff and Warren® studied 
the sealene nodes in 123 unselected cadavers which came to autopsy. A tissue 
diagnosis was possible in 16.3 per cent of all cases, but when this was further 
evaluated as to the number in which lymph node involvement could be ex- 
pected to exist as part of the primary disease, the diagnostic accuracy rises to 
43.5 per cent. 

In summary, of the 118 biopsies a positive diagnosis could be made in 
50 cases or 42.3 per cent. In the main, these lymph nodes were not palpable. 
Less than 6 per cent were described as palpable and in most instances there 
was lack of agreement as to whether the nodes were actually felt. 

In the review of the published series available in the literature, a total 
of 1,916 biopsies was obtained. These data have been accumulated and sum- 
marized in Table II. In this composite series there were 616 pulmonary ear- 
cinomata wherein a scalene node biopsy was done. Of these 616 cases, 190 
demonstrated metastatic carcinoma of the sealene lymph nodes or 30.8 per 
cent of all the primary pulmonary malignancies. Three hundred and thirty- 
four eases of Boeck’s sarcoidosis were found and a confirmatory tissue diag- 
nosis was made in 228 eases, or an over-all yield of 68.3 per cent. In regard 
to the diagnosis of Boeck’s sarcoidosis where the series has been small, very 
high yields have been found, but it should be pointed out that as the size of 
the series enlarges the yield is less than when the selection is more intense. 
Table II also lists 112 cases of malignancy arising in the extrapulmonary tis- 
sues. Thirty-seven miscellaneous cases are listed and these are formed from 


tuberculosis, common nonspecific granulomata, histoplasmosis, and pneumono- 
coniosis. When the 1,916 cases are accumulated, an over-all yield of 34.1 per 


cent positive diagnoses are found. 
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SUMMARY ’ 


The review of the material from The Mason Clinie was undertaken to 
‘atalog our own experience and lend support to the impression that the pro- 
cedure is of value. In addition it was necessary to appraise the experience of 
others and evaluate our findings as compared with the total available com- 
posite series. An additional question arose as to the value of this procedure 
in identifying metastatic carcinoma arising in extrapulmonary tissues. In our 
own series, 43 cases of bronchogenic carcinoma studied by this method, a 
positive diagnosis was made in 48.8 per cent of the cases. Thirteen cases or 
11 per cent of the total show metastases from distant viscera. The 15 cases 
of Boeck’s sarcoidosis yielded positive data in 14 cases or 935.3 per cent. Two 
other cases show nonspecific granulomatous lesions. Thus, 42.3 per cent 
showed a positive diagnosis which was of value in the subsequent program 
of therapy in these patients. When a composite series was formed out of the 
groups available in the literature and the present series added to it, a more 
representative group is developed. In pulmonary carcinoma, 30.8 per cent 
of all cases yielded a positive diagnosis. In Boeck’s sarcoidosis, 68.3 per cent 
of patients showed their disease in the sealene lymph nodes. Of the total 
group of 1,916 cases, 112 or 6 per cent had metastatic carcinoma arising in 
tissues other than the lung. Of this entire group in which sealene lymph node 
biopsies were done, 34.1 per cent of the 1,916 demonstrated their disease by 
involvement of these nodes and made a tissue diagnosis possible. By amal- 
gamating the data from several sources the resultant figures are further sup- 
ported by both larger samples and the loading of these figures can in part be 
offset by the diversity of the origin of the clinical material. 


CONCLUSIONS 


The sealene lymph node biopsy is of value in either primary or metastatic 
lung cancer. 


A positive diagnosis of bronchogenic carcinoma in a sealene lymph node 
is a contraindication to further surgery except in a few specific instances. 

Sealene lymph node biopsy should be a routine part of the study of any 
patient with a pulmonary infiltrate in whom a thoracotomy is planned. 

Nonpalpability is not a contraindication to sampling the sealene fat pad. 
Boeck’s sareoidosis shows a high percentage of involvement of the sealene 
lymph node. 


REFERENCES 


1. Daniels, A. C.: Method of Biopsy Useful in Diagnosing Certain Intrathoracic Diseases, 
Dis. Chest 16: 360, 1949. 

2. Delamere, C., Poirier, P., and Cuneo, B.: The Lymphatics, London, 1913, Constable and 
Co. 

3. Rouviere, H.: Anatomy of the Human Lymphatic System. A Compendium Translated 
From the Original, ‘‘ Anatomie des lymphatiques de 1’homme,’’ and Rearranged for 
the Use of Students and Practitioners, by M. J. Tobias, Edwards Bros., 1938. 





Volume 37 SCALENE LYMPH NODE BIOPSY 313 


Number 3 


4. Harken, D. E., Black, H., Clauss, R., and Farrand, R. E.: Simple Cervico-Mediastinal 
Exploration for Tissue Diagnosis of Intrathoracie Disease, With Comments on 
the Recognition of Inoperable Carcinoma of the Lung, New England J. Med. 
251: 1041-1044, 1954. : 

. Schiff, P., and Warren, B. A.: Scalene Node Biopsy: Its Value as a Diagnostic Aid 
in Chest Disease, Dis. Chest 32: 198-206, 1957. 

. Haagensen, C. D.: * Diseases of the Breast, Philadelphia, 1956, W. B. Saunders Co., 
pp. 565-568. 

. Schweppert, H., and MacManus, J. E.: A Histologic Study of Routine Scalene Node 
Biopsies, Surgery 42: 533-535, 1957. 

. Pulwan, F. A., Sherman, C. D., Jr., Emerson, G. L., De Weese, J. A., Schwartz, S. L., 
and Walton, B. D.: Scalene Node Biopsy: Implications in Abdominal and 
Thoracic Disease, Cancer 11: 4, 1958. 

. Cuykendall, J. H.: Use of Pre-Scalene Lymph Node Biopsy in Absence of Palpable 
Supraclavicular Nodes, Report of Forty-One Cases, J. A. M. A. 155: 741-742, 1954. 

. Umiker, W. D., De Weese, M. S., and Lawrence, G. H.: Diagnosis of Lung Cancer 
by Bronchoseopie Biopsy, Scalene Lymph Node Biopsy and Cytologic Smears, 
Surgery 41: 705-713, 1957. 

. Connor, R. G.: Pre-Secalene and Deep Cervical Lymph Node Biopsy, Surg., Gynec. & 
Obst. 101: 732-743, 1955. 

. Carstensen, B., Odelberg, A., and Wahlgren, F.: Retroclavicular Block Dissection in 
the Diagnosis of Sarcoidosis of the Lung, Lancet 1: 265-266, 1956. 

3. Shefts, L. M., Lessill, A. A., and Swindell, H.: Sealene Node Biopsy, Am. Rev. Tubere. 
68: 505-522, 1953. 

. Skinner, E. F., Hall, J., Carr, D., and Robbins, S. G.: Routine Supraclavicular Biopsy 
in Suspected Bronchogenic Carcinoma, Am. Surgeon 21: 590, 1955. 

5. Piper, C. A.: Sealene Node Biopsy in Diagnosis of Diseases of the Chest, Am. Pract. 
& Digest Treat. 5: 182-183, 1954. 

3. Yang, W. W.: Secalene Node Biopsy, An Analysis of 42 Cases, J. A. M. A. 162: 1260, 
1956 (Abstract). 

. Seott, S. M.: <A Critical Review of One Hundred and Sixty Consecutive Scalene Node 
Biopsies, Am. Rev. Tubere. 76: 1002-1006, 1957. 

. Kenney, L. J., and Mota, C.: Scalene Lymph Node Biopsy, Henry Ford Hospital Med. 
Bull. 4: 36-41, 1956. ‘ 

. Felton, W. L., and Spear, H. C.: Cervical Mediastinal Lymph Node Biopsy in Evalu- 
ating Intrathoracic Disease, J. A. M. A. 163: 1252-1254, 1957. 

. Colombo, C., and Masenti, E.: Systematic Scalene Lymph Node Biopsy in 100 Pa- 
tients With Suspected Bronchial Tumors (Histologically Confirmed in 65), J. A. 
M. A. 163: 317, 1957 (Abstract). 

21. Josephs, B. N., and Woods, F. M.: Prescalene Lymph Node Biopsy, A. M. A. Arch. 
Surg. 76: 93-96, 1958. 

22. Shields, T. W., and Shockett, E.: Preoperative Evaluation of Patients With Clinically 
Resectable Bronchiogenic Carcinoma. Role of Biopsy of Nonpalpable Scalene 
Nodes, A. M. A. Arch. Surg. 76: 707-712, 1958. 





INTERMITTENT INFLOW OCCLUSION FOR THE DIRECT 
VISUAL REPAIR OF ATRIAL SEPTAL DEFECTS 


Julian Johnson, M.D., Charles K. Kirby, M.D., William S. Blakemore, M.D., 
and Harry F. Zinsser, M.D., Philadel phia, Pa. 


HE early efforts to close atrial septal defects were not always successful 

but a few surgeons developed considerable skill in obliterating these de- 
fects without the aid of direct vision.'* There can be no question, however, 
that there are many advantages to the methods which allow closure of atrial 
septal defects under direct vision. Complete closure is easier to obtain under 
direct vision, and other small defects, in addition to the major one, are much 
more likely to be recognized. 

Many atrial septal defects have been closed successfully under direct 
vision, using either hypothermia® ® or the heart-lung machine.*® Using the 
heart-lung machine, the surgeon has more time and may use maximum care 
and deliberation in the definitive repair of the defeet. The hypothermia 
technique is much simpler as far as cost and over-all effort are concerned. 
Even in those centers where the heart-lung machine is functioning satisfac- 
torily, the difference in the amount of blood required to close an atrial de- 
feet under hypothermia and on the heart-lung machine is an item of consider- 
able importance. 

Our experience indicates that the two great hazards in the use of hypo- 
thermia in the closure of atrial septal defects are, first, the use of too severe 
degrees of hypothermia and, second, the use of too long a period of inflow 
oeelusion. If moderate hypothermia (90° EF.) is used and if the inflow ocelu- 
sion does not exceed 4 minutes, there appears to be little if any risk in using 
this technique. While most atrial septal defects can be closed in that period 
of time, after the surgeon has had experience with it, there remains the ocea- 
sional defect which requires more time. 

There are three methods to inerease the time available for closing an 
atrial septal defect under hypothermia. One is by using lower degrees of 
hypothermia, but this increases the risk of ventricular fibrillation with all the 
side effects and problems that accompany it. A second method is the utiliza- 
tion of an arterial transfusion into the coronary arteries through the base of 
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the aorta during the time of occlusion. While it is probably safe to use longer 
periods of inflow occlusion by this means, it is difficult to ascertain just how 
much time ean be safely utilized. The third method of obtaining increased 
time for suturing when it is required, and the one which we prefer, is the 
use of intermittent inflow occlusion. Using this technique, the surgeon adds 
nothing to the risk of the vast majority of operations when the defect can 
be closed in the 4-minute interval, whereas he is in a position to obtain addi- 
tional time in those instances in which it is required. 

It has been our custom in the use of this latter technique to clamp the 
venae eavae first and start counting our time from that point. After about 
fifteen beats of the heart, the aorta is clamped and the clamp is removed from 
the incision previously made in the right atrial wall. In good-risk patients 
in whom the pulmonary artery pressure is relatively normal, very little blood 
has to be aspirated from the heart when the right atrium is opened. In the 
patient with pulmonary hypertension who is on the verge of heart failure, 
however, there may still be a fair amount of blood which has to be aspirated 
from the atrium in order to get adequate visualization. The important point 
is to get adequate visualization in the right atrium without allowing air to 
enter the left side of the heart. It has been our experience that if the septal 
defect is evaluated as completely as possible by finger palpation through the 
right atrial appendage before the atrium is opened, the surgeon is in a posi- 
tion to start sewing almost as soon as the atrium is opened. The clamping of 
the aorta is probably beneficial from two points of view. First, it stops the 
return of blood through the coronary sinus which allows a better visualiza- 
tion than might be obtained otherwise, thereby allowing a more rapid closure 
and, second, it probably cuts down the likelihood of air embolism. 

If, after 314 minutes, it becomes apparent that it is going to take more 
than an additional minute to complete the closure of the defect, we remove 
the clamps from the venae eavae, allow the atrium to fill with blood, close 
the atrium, and immediately remove the clamp from the aorta. The cireula- 
tion is then restored for 10 minutes or so before using inflow occlusion for a 
second period of direct visualization to complete the closure of the defect. 
In this manner, it is theoretically possible to have an unlimited amount of 
time at the disposal of the surgeon. For practical purposes, most atrial de- 
feets ean be closed with one 4-minute period and seldom, indeed, is it neces- 
sary to use more than two 4-minute periods of inflow occlusion. In our en- 
tire series, we have had only one patient in whom it was necessary to use 
three periods and a second patient in whom it was necessary to use four 
periods of inflow occlusion. In none of these patients has there been any com- 
plication from the repeated use of intermittent inflow occlusion. 

In recent months, we have used the heart-lung machine (1) when we sus- 
pect a septum primum type defect, (2) when the heart is very large, suggest- 
ing that an Ivalon sponge might be required to close the defect, or (3) when 
there is severe pulmonary hypertension. We have hoped that the machine 
might give us some added safety in these patients. However, for ordinary 
atrial septal defects, we feel that the use of hypothermia offers a high degree 
of safety. 
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One problem which still remains in the use of either hypothermia or the 
heart-lung machine is that of air embolism. As far as we know, we have had 
only one air embolus in our series and that was due to a very obvious error 
in management. The anesthetist had not been properly briefed regarding the 
use of an adequate amount of muscle relaxant while the heart-was open. The 
patient made a strenuous expiratory motion followed by a strenuous inspira- 
tory motion which foreed the blood out of the heart and sucked air into it. 


PG 
SUP PULMONARY Vv. 
ENTERING 
RIGHT ATRIUM 


\ 
SEPTAL RIM ABSENT 


chown Sithogi” oth Gofect,Setulring, © burmesrting, fg, goture tot abe"? a as 
suture, less of the suture should remain within the atrium than shown, so as to allow complete 
approximation of the atrial wall. 
We immediately released the caval clamps to fill the heart with blood, closed 
the atrium and foreed the residual air through the coronaries by manual com- 
pression of the heart. Fortunately, the patient recovered from this episode 
but it obviously could have been a serious accident. We had to use a second 
period of inflow occlusion to complete the closure of the defect but this was 
accomplished without difficulty. In recent months we have flooded the chest 
with CO, on the theory that if CO, is sucked into the circulation, it would be 
more rapidly absorbed than air.’° 

Certain technical problems have been encountered in the closure of atrial 
septal defects. The secundum type of defect ean be easily and rapidly closed 
by two continuous sutures which are started at either end and tied in the 
middle. When the right-sided pulmonary veins enter the right atrium, it is 
usually relatively simple to suture the anterior edge of the atrial defect to 
the right atrial wall in front of the opening of these veins. This allows the 
right-sided pulmonary veins to empty into the left atrium. In several of our 
patients, the opening of the defect did not correspond with the entrance of the 
right-sided pulmonary veins so that it was necessary to incise a portion of the 
septum, either upward or downward, in order to bring it to the right and in 
front of the pulmonary veins. 
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A deformity with no septal remnant at the posterior wall of the atrium, 
particularly at the lower border, has been encountered frequently. In these 
patients it is necessary to place a purse-string type suture, as illustrated in 
Fig. 1, as the initial suture in the closure of the defect.° Once this purse- 
string suture is placed, the remaining closure is very simple. In the patient 
who has an inferior vena caval valve, special care must be taken in placing 
the purse-string suture.® If the inferior vena caval valve were mistaken for 
the inferior border of the septum as the defect was closed, the inferior vena 
cava would then empty into the left atrium. 


Fig. 2.—In the defect shown, the superior pulmonary vein joins the superior vena cava 
before it enters the atrium. The septum was divided superiorly. The purse-string type suture 
approximates the junction of the superior vena cava with the newly created cephalad end 
of the defect. The anterior edge of the septum is then sutured to the atrial wall in front_of 
the opening of the superior pulmonary vein, so that it empties into the left atrium. The 
superior vena cava continues to empty into the left atrium. 


A greater technical problem, but perhaps not so frequently encountered, 
is that of the right-sided pulmonary veins, or perhaps only the right superior 
pulmonary vein, entering the superior vena cava before it joins the right 
atrium. When this entrance is not more than an inch from the atrium in an 
adult, or perhaps less in a child, it is possible to use the same purse-string 
type suture in this area as that used below, partitioning the common vein 
following the junction of the pulmonary vein and the superior vena cava and 
causing the blood from the pulmonary veins to enter the left atrium and that 
from the superior vena cava to enter the right atrium (Fig. 2). In placing 
this purse-string suture either in this area or in the lower area, as described 
above, it is important that a minimum amount of suture remain within the 
atrium so that there will be satisfactory contact and a small opening will not 
be left between the stitches. When the right superior pulmonary vein enters 
the superior vena cava at some distance above the right atrium, the use of the 
purse-string suture, as illustrated in Fig. 2, does not seem practical. We have 
overcome this problem on one occasion by dividing the superior vena cava 
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above the pulmonary vein and anastomosing it to the right auricular append- 
age after closing the atrial septal defect in such a manner as to use the proxi- 
mal portion of the superior cava as a channel leading to the left atrium. 

In our series of 65 patients with atrial septal defects, we have experi- 
enced some of the difficulties which may arise by the closed techniques. Also, 
we experienced some of the difficulties accompanying hypothermia of too 
severe a degree, as well as utilizing too long a period of inflow occlusion. 
Since the adoption of our present technique, however, namely, mild hypo- 
thermia and only 4 minutes of inflow occlusion at one time, we have felt that 
the closure of an atrial septal defect is about as safe a cardiae operative pro- 
cedure as we have occasion to carry out. The risk of the procedure appears 
to be almost directly proportional to the severity of the patient’s incapacity. 
One real problem exists in those patients with pulmonary hypertension with 
a right-to-left shunt. We are not entirely certain which, if any, of these pa- 
tients should be declared inoperable and no attempt be made to elose the 
defect. We now feel that in the ‘patient without pulmonary hypertension 
this procedure can be carried out so simply, that we have advocated its use 
as a somewhat elective procedure during childhood if a considerable left-to- 
right shunt is present. 


We have operated upon 45 patients with atrial septal defects, using the 
hypothermia technique. There have been no deaths in this series when our 
present plan of mild hypothermia and intermittent inflow occlusion was used. 


There were 4 deaths in the series, all in our early experience when in each 
instanee the temperature was carried below 85° F.. and in 3 the operative time 
exceeded 6 minutes for the one period of occlusion. It must also be admitted, 
however, that none of the 4 patients who died represented a simple septal de- 
feet. Two had pulmonary hypertension approximating the aortic pressure 
with right-to-left shunts and the other 2 had associated intracardiae lesions 
with one in severe heart failure. In each instance, it was recognized pre- 
operatively that the patient presented a difficult problem, and the heart-lung 
machine would certainly have been used had it been available at that time. 
Whether it would have altered the outcome is problematical. One patient 
died following the closure of a defect after he went home. This was the man 
with a septum primum defect in whom we used 4 periods of inflow occlusion 
and who was discharged from the hospital in satisfactory condition. How- 
ever, he suddenly went into heart failure and died about 2 months later. An 
autopsy showed that the suture had pulled away from the septum. Unques- 
tionably at the present time, we would operate upon this man with the use 
of the heart-lung machine and put in an Ivalon patch. In our effort to not 
go too deeply in the region of the conduction system at the time of the closure 
of this defect, apparently we did not place the sutures quite deeply enough 
for them to hold. 

Sinee our heart-lung machine has been functioning satisfactorily, we 
have used it for the repair of atrial septal defects in 7 patients because in each 
instanee the problem seemed somewhat complicated. The only death in this 
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group was due to a staphylococcie septicemia. Our present policy is to use 
the heart-lung machine in the repair of atrial septal defects when a septum 
primum defect is suspected, when there is excessive pulmonary hypertension 
or cardiomegaly, when the patient is in heart failure, or for any patient in 
whom it is thought that it offers an advantage over the hypothermia tech- 
nique. However, we believe that it is not necessary to use the heart-lung 
machine for the repair of most atrial defects. We believe that the hypo- 
thermia technique with intermittent inflow occlusion, if needed, offers mini- 
mum risk for the great majority of patients with atrial defects. 


SUMMARY 


1. The use of mild hypothermia (90° F.) and no more than about 4 min- 
utes of inflow occlusion, with repeated periods of inflow occlusion if necessary, 
has been safe and reliable for the closure of simple atrial septal defects under 
direct vision. 

2. Forty-one patients with atrial septal defects have been operated upon 
by the proposed technique with no hospital deaths. 


3. The closure of atrial septal defects using the heart-lung machine has 
been reserved for those patients who are poor risks because of advanced dis- 
ease, or in whom an unusual problem is suspected. 


4. Seven patients were operated upon with utilization of the heart-lung 
machine because of some unusual problem. The only death in this series was 
due to infection. The chief objection to the use of this technique in all eases 
is the increased personnel required and the total effort expended, ineluding 
the problem of blood procurement. 
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MITRAL INSUFFICIENCY WITH COMPRESSION OF THE 
LEFT MAIN BRONCHUS TREATED BY 
OPEN-HEART SURGERY 


David R. Murphy, M.D., Anthony R. C. Dobell, M.D., Gordon M. Karn, 
M.D., and James E. Gibbons, M.D., Montreal, Canada 


[* THE PAST year, surgeons® * have found it possible to achieve satisfactory short- 

term results in the treatment of mitral insufficiency by exposing the mitral 
valve during extracorporeal circulation and placing sutures across the postero- 
medial aspect of the annulus of the valve to reduce its diameter and permit 
coaptation of the aortic and mural leaflets. This operation, referred to as mitral 
annuloplasty, is similar in principle to the operation proposed by Nichols,° 
who used a blind technique. Reduction in annular diameter by a cireum- 
ferential suture? has also met with some success in the treatment of mitral 
insufficiency. 

Although left atrial pressure measurements have shown an encouraging 
drop, both in the experience of others® * and in several patients operated upon 
by us, it is evident that final evaluation of this operation must depend on long- 
term follow-up. The following case report was considered of interest because 
of the objeetive demonstration of sustained pressure reduction. 


CASE REPORT 


This young girl was first seen at The Montreal Children’s Hospital in September, 1955. 
Past history did not reveal symptoms of acute rheumatic fever. A medical examination 
in March, 1955, had been normal. Physical examination disclosed a small child, weighing 
33 pounds. The apical rate was regular at 80 per minute. The heart was enlarged with 
a forceful left ventricular apical impulse, 1 em. lateral to the midclavicular line. A Grade 
3 blowing pansystolic murmur was maximal at the apex and transmitted to the axilla; a 
mid-diastolic murmur was present. The diagnosis was rheumatic heart disease with mitral 
insufficiency. She was confined to bed for 9 months and in July, 1956, increasing activity 
was permitted. By the spring of 1957, she still was limited by fatigue and dyspnea and 
had not returned to school. During this convalescent period of a year and a half there 
was no indication of active rheumatic fever, but the heart size radiologically was definitely 
increasing (Fig. 1). 

She was admitted to The Montreal Children’s Hospital on Nov. 7, 1957, at which 
time she was 7 years old. She had had a persistent cough for several weeks and her exercise 
tolerance had decreased; dyspnea was present at rest as well as on exercise. 

On physical examination she weighed 35.4 pounds, which was below the third per- 
centile for her age. She was a poorly developed, pale, sallow child. There was no cyanosis 
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and no clubbing of the fingers or toes. There was respiratory distress at rest with a rate 
of 44 per minute. The left chest moved only slightly with respiration. The lower two- 
thirds of the left chest was dull to percussion posteriorly and breath sounds were inaudible 
over the same area. A persistent sinus tachycardia of 100 to 120 per minute was noted. 
The blood pressure was 90/70 mm. Hg. There was a systolic thrill over the apex, which 
was situated in the sixth left interspace between anterior and midaxillary lines. A Grade 
4 blowing pansystolic and a Grade 3 rumbling diastolic murmur were heard at the apex. 
There was an apical diastolic gallop. The pulmonic second sound was accentuated. The 
liver was palpable two fingerbreadths below the costal margin. 


Fig. 1.—Roentgenogram of the chest taken in June, 1957, 21 months after mitral insufficiency 
was first diagnosed. 


The electrocardiogram was interpreted as showing left ventricular and left atrial 
hypertrophy. X-ray studies of the chest (Fig. 2) showed collapse of the left lung. It was 
impossible to tell whether the heart had enlarged as compared to previous examinations 
because the left heart border was obscured by the atelectasis. The opinion was that this 
patient had rheumatic heart disease with predominant mitral insufficiency, pulmonary hyper- 
tension, congestive heart failure, and atelectasis of the left lung. 

On November 19, bronchoscopy was carried out. The left main bronchus was seen 
to be compressed by external pressure, leaving only a slit-like orifice. The compression 
was mainly anterior and was pulsatile. Abundant secretions were aspirated from the 
left bronchial tree. Vigorous medical therapy was carried out for 5 weeks, including 
digitalis, mercurial diuretics, antibiotics, and bronchial aspiration. Nevertheless, deteriora- 
tion was noted. 

Because of the grave outlook, mitral annuloplasty was performed on December 19, 
using extracorporeal circulation through the screen oxygenator.* A right posterolateral 
thoracotomy was performed. Care was taken to compress the right lung as little as possible. 


*The Mark Company, Randolph, Mass. 
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Fig. 2.—Roentgenogram of chest taken in November, 1957. demonstrating atelectasis of the 
left lung due to external compression. 


Fig. 3.—Roentgenogram of chest taken 3 ie postoperatively showing re-expansion of the 
ung. 
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The pericardium was opened anterior te the phrenic nerve exposing a large left atrium 
bulging posteriorly to the right of the right atrium. Because of the patient’s condition, 
left atrial pressures were not taken before bypass. Catheters were inserted into the venac 
cavae, the inferior caval catheter having perforations in that part of it which was to lie 
in the right atrium so that the coronary sinus blood could be returned to the oxygenator. 
Arterial blood from the pump-oxygenator was returned to the femoral artery: When 
cardiopulmonary bypass was instituted, the left atrium was incised and emptied of blood. 
The mitral valve was easily seen; both cusps were deformed by vegetations and the annulus 
was greatly dilated. A free regurgitant jet could easily be seen with each ventricular beat. 


Fig. 4.—Roentgenogram of chest in May, 1958. 


Five sutures of 2-0 silk were placed across the posteromedial aspect of the annulus so as 
to obliterate that commissure and permit the aortic leaflet to meet the mural leaflet. The 
regurgitation was all but eliminated. The atrial cavity was then filled with blood and the 
aortic leaflet was massaged against the anterior wall of the heart to ensure against the 
trapping of air in that location. The wall of the left atrium was closed and bypass was 
discontinued. Left atrial pressure measured after bypass was 12/5 mm. Hg; the systemic 
arterial pressure at the same time was 95 systolic. The atrium appeared much less tense 
than before annuloplasty. Following chest closure a tracheostomy was performed. 

Her postoperative course was one of steady improvement. One week postoperatively 
the heart failure gallop and enlarged liver had disappeared. The tracheostomy tube was 
removed on December 28. Serial chest x-rays did not show aeration of the left lung until 
Jan. 11, 1958, when re-expansion was demonstrated (Fig. 3). She was discharged on 
Jan. 18, 1958, weighing 35.6 pounds. 


By May, 1958, she weighed 44 pounds. The apical impulse was less hyperactive to 
palpation. There was a blowing Grade 3 systolic murmur. The apical diastolic rumble 
and the third sound had disappeared. There was no evidence of congestive failure. The 
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lungs were clear (Fig. 4). Moderate activity, such as stair climbing, was performed without 
obvious fatigue or dyspnea. She was as active as she had ever been since the diagnosis 
of mitral insufficiency was made. 


DISCUSSION 


In the eases of massive dilatation of the left auricle reported by Daley 
and Franks! elevation of the left main bronchus was frequently seen either at 
its point of origin or within 3 em. Schwedel’ has stated that an enlarged left 
atrium frequently causes elevation and sometimes posterior displacement of 
the left main bronchus, but that actual compression is rare except in childhood. 

Rivkin and associates* reviewed 8 cases of massive atelectasis of the left 
lung associated with increased pulmonary flow due to left-to-right shunts. All 
were infants varying from one to 16 months in age. In 3 cases, compression 
of the left main bronchus by the left pulmonary artery was demonstrated at 
autopsy and it was their opinion that this was the cause of compression in the 
remaining eases. One of their patients with total anomalous pulmonary venous 
drainage had an abnormally small left atrium, which certainly could not have 
compressed the bronchus. Total atelectasis of the right lung was not observed 
in their series. 

In our case we are not certain whether the left bronchial compression was 
due to enlargement of the left atrium or pulmonary artery. We suppose that 
it was a combination of both factors, the left atrium compressing from below 
and the pulmonary artery from above. 


SUMMARY 


A ease of mitral insufficiency with collapse of the left lung due to ob- 
struction of the left main bronchus by vascular compression has been reported. 
The mitral valve was repaired by mitral annuloplasty using a pump-oxygenator. 
Three weeks later the bronchus re-opened and has remained patent since. 
Clinical improvement has been sustained for 5 months. 


REFERENCES 


. Daley, R., and Franks, R.: Massive Dilatation of the Left Auricle, Quart. J. Med. 70: 
19 


A : 

. Davila, J. C., Glover, R. P., Voci, G., Jumbala, P., Trout, D. G., and Fritz, A. J.: The 
Clinical and Physiologic Criteria for Surgical Correction of Mitral Insufficiency, 
J. THoRAcIc SurG. 35: 206, 1958. 

. Lillehei, C. W., Gott, V. L., DeWall, R. A., and Varco, R. L.: The Surgical Treatment 
of Stenotic or Regurgitant Lesions of the Mitral and Aortic Valves by Direct 
Vision Utilizing a Pump-Oxygenator, J. THoRAcIc SurG. 35: 154, 1958. 

. Merendino, K. A., and Bruce, R. A.: One Hundred Surgically Treated Cases of Valvular 
Rheumatic Heart Disease: With Preliminary Report of Two Cases of Mitral Re- 
gurgitation Treated Under Direct Vision With Aid of a Pump-Oxygenator, J. A. M. 
A. 164: 749, 1957. 

- Nichols, H. T.: Mitral Insufficiency: Treatment by Polar Cross-Fusion of the Mitral 
Annulus Fibrosus, J. THoRAcIC SurG. 33: 102, 1957. 

. Rivkin, L. M., Read, R. C., Lillehei, C. W., and Varco, R. L.: Massive Atelectasis of 
the Left Lung in Children With Congenital Heart Disease, J. THoRAcIc Sura. 34: 
116, 1957. 

. Schwedel, J. B.: Clinical Roentgenology of the Heart, New York, 1946, Paul B. Hoeber, 
Ine., p. 144. 





CERTAIN BLOOD CHANGES IN PATIENTS UNDERGOING 
EXTRACORPOREAL CIRCULATION 


Analysis of 350 Perfusions 


Richard A. DeWall, M.D.,* David M. Long, M.D., Sharon ]. Gemmill, B.S., 
and C. Walton Lillehei, M.D., Minneapolis, Minn. 


"Aries alterations in the constituents of the blood are well recognized as a 
consequence of cardiopulmonary bypass procedures. We have previously 
referred to some of these changes’? as measured in our patients perfused by 
the helix reservoir bubble oxygenator®* and the Sigmamotor pump during 
direct vision open-heart surgical procedures. The data herein recorded present, 
in more detail and in a larger series of patients, observations concerning the fate 
of red cells, platelets, and arterial pH, correlated with duration of the perfu- 
sions. This information was derived from an analysis of the perfusion records 
of 350 clinical cardiopulmonary bypass procedures. The types of eardiac 
lesions as well as the results of most of these operations have been described 
elsewhere.® © 


Duration of the Perfusions—Table I and Figs. 1 and 2 indicate the dura- 
tions of the perfusions analyzed in this series. The patients have been divided 
into two broad groups on a basis of the substantial differences in their physiol- 
ogy: The eyanotict patients whose perfusion time had a mean duration of 46 
minutes and the acyanotict patients who were supported by the pump-oxygena- 
tor for an average time of 27.5 minutes. 


Plasma Hemoglobin.—Table I and Figs. 1 and 2 indieate the plasma hemo- 
globin content of the patient’s venous blood at the termination of these perfu- 
sions. The method of Flink’ was used for these determinations. The mean 
value for the plasma hemoglobin in the eyanotie patients was 70 mg. per cent, 
having a rate of formation of 1.56 mg. per cent per minute of perfusion. The 
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7Tetralogy of Fallot, complete tranposition of the great vessels, total anomalous venous 
return, Ebstein’s malformation. 


tIVSD, IASD, pulmonic stenosis, ruptured aneurysm of sinus of Valsalva, mitral and aortic 
valvular heart disease, ventricular and thoracic aortic aneurysms. 
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mean plasma hemoglobin for the acyanotic patients was 46 mg. per cent 
which again was related to the duration of their perfusions, the rate of pro- 
duction being 1.64 mg. per cent per minute of perfusion. 


Cardiotomy Loss.—Table I indicates the minute loss of blood from the 
perfusion system during these operations. As this blood was discarded from 
the perfusion system by means of a high vacuum suction system, it was measured 
and simultaneously replaced by reservoir blood. The cyanotic patients had 
an average loss of 40 ¢.e. blood per minute of perfusion while the average loss 
of the aeyanotie patients was 48 ¢.c. blood per minute of perfusion. 


TABLE I. SomME ASPECTS OF TOTAL Bopy PERFUSION BY A PUMP-OXYGENATOR MEAN VALUES 
AND RANGE* 








PLASMA HgB. 
DURATION OF PLASMA MG. % PER CARDIOTOMY ARTERIAL PH 
PERFUSION IN | HEMOGLOBIN MIN. OF |LOSS C.C./MIN.| AT END OF 
MINUTES | IN MG. % | PERFUSION | OF PERFUSION PERFUSION 





12-105 5-155 7.15-7.60 
Cyanotic — — = =. 
patients 46 70 1.56 40 7.41 


6-85 5-150 7.07-7.65 
Acyanotic — — = a —_ 
patients 27.5 46 1.64 43 7.4 








*The above information was abstracted from the perfusion and hospital records of 350 
patients. In this series, approximately 25 per cent of the patients were in the cyanotic 
category. These data were not completely available on all the patients, however, 70 cases 
was the lowest number used to calculate any one of these values. 


Postoperative Red Blood Cell Survival as Measured by Hemoglobin De- 
terminations.—Hemoglobin determinations were charted daily in the postop- 
erative interval for an unselected group of 35 patients. None of these patients 
received blood transfusions during the period in which they were followed. 
Decreases were observed in the hemoglobin values of these patients during 
this postoperative period. Table II indicates the mean values of these deter- 
minations. 


TABLE II. POSTOPERATIVE HEMOGLOBIN VALUES* AFTER TOTAL Bopy PERFUSION 





DAY OF DAYS POSTOPERATIVE 


PREOP. surgery | 1 | 2 | 3 | 5 | 7 [{ 10 | 12 | 15 | 20 | 25 
14.5 14.6 148 139 13.1 12.1 128 25 “TES 11.6 11.8 11.9 
*In grams per cent. These are mean values from 35 unselected patients with a variety 


of intracardiac lesions who received no transfusions in the recovery period after the day of 
surgery. 




















Platelets—tIn our previous reports,! we have analyzed the effect of total 
body perfusion upon platelet counts. Since we have never encountered post- 
operative hemorrhage due to abnormalities in the clotting mechanism, platelet 
counts are no longer a part of our routine patient care. However, serial 
platelet counts during the postoperative period have been determined in a 
series of 7 cases. In 4 of these patients an immediate drop in the platelet 
counts after the perfusion was observed (as in Fig. 3) while, in the others, 
the platelet counts were elevated above control levels in the immediate post- 
operative period followed by a fall during the next few days after surgery 
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PERFUSION TIME vs. PLASMA Hgb. IN ACYANOTIC PATIENTS 


Pump time (min.) 
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Fig. 1.—The longer perfusions tend to be associated with the higher plasma hemoglobin 
values which, however, at the highest levels are observed below concentrations that are likely 
to be of clinical significance. 


PERFUSION TIME vs. PLASMA HEMOGLOBIN IN CYANOTIC PATIENTS 
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Fig. 2.—The rates of plasma hemoglobin formation during total body perfusion are about the 
same for cyanotic and acyanotic patients. 
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PLATELET COUNTS AFTER PERFUSION 


M.D.- Perfusion 55 min. Plasma Hgb. 70mg. % 


in thousands /mm 


Platelets 








2 days Hours Days post op. 
pre. op. post op. 
Fig. 3.—Platelet counts are observed to decrease from control levels after total body per- 


fusion to return to control values within the first postoperative week. Regardless of the dura- 
tion of perfusion, no patient has had a platelet depletion sufficient to cause hemorrhage. 


PLATELET COUNTS AFTER PERFUSION 
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Fig. 4.—An elevation of platelet counts is observed in some patients as an immediate 
response to total body perfusion. The late response with these patients is a subsequent fall in 
platelet count then recovery within the following week. 
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PERFUSION TIME vs. FINAL ARTERIAL pH IN CYANOTIC PATIENTS 
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Fig. 5.—Perfusion time does not seem to have much correlation with the arterial pH 
of the patient at the termination of the perfusion. Most values are observed within a rela- 
tively normal range regardless of the perfusion time. 


PERFUSION TIME vs. FINAL ARTERIAL pH IN ACYANOTIC PATIENTS 
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Fig. 6.—As seen in Fig. 5, pH values do not seem to be a function of perfusion time. 
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(Fig. 4). Beginning about 3 days after the perfusion, the platelet counts 
began to increase toward normal levels. Table III shows the mean values of 


these serial platelet counts as observed in these 7 patients. 


TABLE LIT. MEAN PLATELET CountTS* oF 7 PATIENTS AFTER ToTAL Bopy PERFUSION 





HOURS POSTOP. “DAYS POSTOP. 
PREOP. 2 | 3 | 5 
275 200 180 130 $ ; 200 





























*In thousands per cubic millimeter. 


Arterial pH as a Variable During the Perfusion—The pH of these pa- 
tients’ arterial blood was determined just after the completion of the surgical 
repair. The blood samples were taken while the patient was still fully dependent 
upon the extracorporeal circulation, and before the lungs were inflated by 
the anesthesiologist. The seattergrams of Figs. 5 and 6 relate these pH de- 
terminations to the duration of the individual perfusions. Table I indicates 
the mean arterial pH values for the two groups taken at the time indicated 
above of 7.41 for the eyanotie patients and 7.42 for the acyanotie. 


DISCUSSION 


It is evident that changes induced in the blood as a result of total body 
perfusion are a function of time. The patients with eyanotie heart disease 
had lesions which required generally more perfusion time in order to be 


corrected (properly) than patients with acyanotie heart disease. Therefore, 
the perfusion times of these two groups were calculated separately. The 
duration of the perfusions for the acyanotie patients averaged about 40 per 
cent less time than that required for repair of the cyanotic patients (Table I). 
It may be noted that the plasma hemoglobin levels for the acyanotie patients 
were about 34 per cent lower than those observed for the cyanotic patients; 
however, as mentioned above, the cyanotic patients had longer perfusions dur- 
ing which plasma hemoglobin could be formed. The rate of plasma hemoglobin 
formation was actually a little less in the cyanotic patients than the aeyvanotie. 
The eyanotie patients have extensive bronchial collaterals, and they usually 
have a greater total cardiotomy loss* during the procedure than the acyanotic 
individuals. This does not seem to be reflected in the plasma hemoglobin 
values as Table I indicates. It was thought that perhaps the fresh blood added 
to the perfusion system to compensate for losses not retrieved by the eardiot- 
omy suction system would decrease the measured plasma hemoglobin due to 
dilution. However, again on a basis of rate of loss (Table I), the perfusions 
on cyanotic patients actually lost less blood per minute from the system than 
that of acyanotie patients. Consequently, the plasma hemoglobin in the blood 
of eyanotiec patients received no greater dilution than did the perfusion of 
aeyanotie patients. 


*Cardiotomy loss is blood which spills through the incision in the heart and not success- 
fully returned to the extracorporeal system, This source is mostly from the coronary sinus, 
thebesian veins, bronchial collateral, and occasionally from incompetency of the aortic valve. 
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About all that ean be coneluded from the above is that patients having 
eyanotic heart disease require longer surgical procedures and, therefore, 
longer perfusions than the acyanotie patients. The rate of plasma hemoglobin 
formation in these two groups, as well as the rate of blood loss from the per- 
fusion system, is about the same. As our experience has inereased, less blood 
has been lost from the cardiotomy and the perfusion system than was the case 
with earlier bypass procedures. In spite of this, the levels of plasma hemo- 
globin measured remain about constant. This consistency seems to be true 
regardless of the arterial pump outputs required. It is thought that most of 
the hemolysis observed is probably produced by the cardiotomy suction system 
which returns cardiotomy losses to the perfusion apparatus, however, the per- 
centage that ean be attributed to this is difficult to estimate. The higher pump 
output rates used were not necessarily associated with higher plasma hemo- 
globin levels, but the longer perfusions were generally found to have higher 
plasma hemoglobin values in proportion to the duration of the perfusion. The 
physiologie effects of the amount of hemolysis and any associated implications 
seen in these patients cannot be determined since, in all 350 patients, the 
final values of their plasma hemoglobin have been below that likely to be 
harmful. In addition, we have seen no ill effeets that could be attributed to 
these alterations in any patient. 

Our experience with platelet counts before and after perfusion have been 
previously reported,’ however, the values were not observed on successive days 
for that study. A decrease in the platelet counts is a consistent finding which 
is followed by a return to control values after a few days. The decrease in 
platelet counts observed have all been to about the same level regardless of 
the perfusion time, or a short perfusion seems to show the same proportion of 
platelet lowering after surgery as does a long perfusion. This has not been 
developed in a statistical manner. Postoperative bleeding from deficiencies in 
the clotting mechanism has not been observed by us. The occasional instance 
of postoperative bleeding that we have seen has been accounted for on a basis 
of inadequate hemostasis, and sinee recognition of the importanee of more 
meticulous hemostasis in these heparinized patients, unusual bleeding into the 
chest has not occurred. Observations in our laboratory and conversations with 
others have led us to believe that bleeding problems in the postperfusion patient 
(or animal) can usually be traced to one of the following sourees: inadequately 
cleaned and sterilized perfusion equipment, blood incompatibilities, or inadequate 
hemostasis. The toxins of decomposing blood and bacteria (especially gram- 
negative endotoxins) ean produce lethal complications. The helix reservoir 
oxygenator which we use comes in contact only with the blood of one patient 
and is then discarded. Prior to use it is sterilized by autoclaving. 

A mild decrease in the patients’ hemoglobin has been seen frequently in 
the postoperative period. In part, this is a reflection of our efforts to keep 
the patients somewhat on the ‘‘dry side’’ during their first 24 hours after 
surgery by restricting fluid intake. This produced some hemoconcentration 
during this early recovery period. With the resumption of the oral intake 
of fluids, usually at the end of the first 24 hours, hemodilution is expected. A 
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similar decrease in hemoglobin is, however, generally seen in any patient post- 
operatively, after major surgery and large blood exchanges. Many of our 
patients return to their homes within 14 days after surgery, consequently their 
hospital records did not have sufficient information concerning their postop- 
erative hemoglobin values to be ineluded in this study. 

The hemoglobin studies in Table II were gathered from the records of 
patients who had longer hospital courses and who consequently reacted more 
severely to the procedure and exhibited the changes to a greater degree. 

The metabolic changes produced by perfusion have been intensively studied 
in the past and previously discussed. *8 There is no longer a need to do 
them routinely, consequently the patient and the perfusion apparatus is now 
only subjected to ‘‘spot checks’’ for pII values. The acid-base balance of the 
blood is subject to many variables and an isolated pH value only tells of the 
general balance of these variables. For this purpose, a ‘‘spot check’’ pH is 
taken from the patient’s arterial blood at the end of the perfusion immediately 
before the patient is artificially respired by the anesthesiologist. The seatter- 
erams (Figs. 5 and 6) show that no obvious trend is present relating the 
arterial pH to the perfusion time. Among other faetors, these values are de- 
pendent upon the perfusion rates.© The practice we currently use to establish 
a perfusion rate for a given patient has proved to be very satisfactory. The 
arterial pump* is preealibrated at various levels between 50 to 100 ¢.e. per 
kilogram of body weight per minute. When the bypass starts at the lower 
setting of the arterial pump, the systemic arterial pressures are monitored and 
the arterial output of the pump is increased as necessary to maintain normal 
eleetroencephalograms and mean systemie blood pressures. These patients do 
well with a perfusion of this type and no pH difficulties are encountered. 


SUMMARY 


The perfusion and hospital records of 350 total cardiopulmonary bypass 
procedures, utilizing the helix reservoir bubble oxygenator and the Sigmamotor 
pump, have been analyzed. These perfusions were done in conjunction with 
direct vision corrective intracardiae surgical procedures. The operative cardiac 
repair of eyanotie patients required about one third more perfusion time 
than did the repair of aeyanotie patients. The rate of plasma hemoglobin 
formation was about the same in cyanotie and acyanotie patients. The platelet 
counts deereased after perfusion, but never to a degree to eause bleeding. <A 
mild postoperative decrease in hemoglobin was observed during the first 3 
weeks after surgery. Mean pH values at the end of the perfusion were within 
the normal range. 
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THE DANGER OF HYPOGLYCEMIA DURING 
CARDIOPULMONARY BYPASS 


Ervin L. Lobpreis, M.D.,* Los Angeles, Calif. 


HE ROAD to achieving a nearly ideal extracorporeal circulation is beset by 
eens pitfalls, to the list of which must be added hypoglycemia. Unlike 
other problems connected directly with the construction and actual mechanies 
of the pump-oxygenator, such as adequate flow, oxygenation, acid-base balance, 
coagulation, embolism, and the like, this condition is related to the blood used 
for priming and replacement during the bypass procedure and to the changes 
of its chemical constituents in the course of time. The possibility of easily 
remedying this deficiency beforehand brings us one step closer to fulfilling one 
of the prerequisite features of the perfect artificial circulation, i.e., ‘‘that there 
must be little if any trauma, either chemical or physical, inflicted on the 
blood.’’! Hazards of the bypass procedure could thus be further reduced. 


METHOD 


Samples were taken from blood that had been collected in the currently 
available bottles (ABBO-Vae bottles containing 18 mg. of heparin in 30 ¢.e. 
of normal saline, intended for 470 ¢.e. of blood) and examined for blood sugar 
content at various intervals between withdrawal and actual use in the pump- 
oxygenator. Specimens of whole blood were processed immediately, employing 
the Somogyi-Nelson method for determining ‘‘true’’ glucose.’ 

Assuming that representative samples had been obtained each time after 
thorough mixing (inverting bottle 30 times), and postulating a straight-line 
relationship between blood glucose level and the time for each blood sample at 
any given temperature, the time of reaching the zine-barium filtrate stage was 
taken, rather than the time of drawing the respective sample, in order to allow 
for the continuous sugar consumption. 


RESULTS 


The blood to be used for two bypass procedures, requiring 12 and 13 


bottles, respectively, was sampled. 
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me A HYPOGLYCEMIA DURING CARDIOPULMONARY BYPASS 

The first series (Table 1) included blood samples that had been drawn 
from the donors (most of them in fasting state) about 4 hours before being 
used for the patient. Determination IT was done shortly after drawing the 
blood. Two blood bottles were kept at room temperature, the rest in a water 
bath at 37° C. up to about 3 hours, at which time determination II was run. 
The caleulated rate of 10.59 + 0.51 mg. per cent per hour corresponds to the 
‘ate of glucose consumption by the blood cells at body temperature. The blood 
was then mixed and used for priming. the pump-oxygenator. Twenty minutes 
before starting the bypass procedure, the glucose level of blood in the screen 
oxygenator was 44.2 mg. per cent. The glucose level of the patient’s arterial 
blood at this point was 125.2 mg. per cent. 


TABLE I, CHANGES OF BLOOD GLUCOSE LEVEL IN THE 4-HourR OLp HEPARINIZED BLoop 


| TIME | | 
I | BETWEEN II DECREASE | RATE OF 
BLOOD GLUCOSE | FILTRATES GLUCOSE OF GLUCOSE | CHANGE 
(MG.% ) (MIN. ) (MG.% ) (MG.%) | (MG.%/HR. ) 
73.5 Ive 53.9 19.6 6.64 
71.6 176 47.4 24.2 8.25 
62.6 182 28.1 34.5 11.37 
73.5 180 36.1 37.4 12.47 
d 180 45.8 27.7 9.23 
179 45.8 29.4 9.85 
187 103.9 32.6 10.46 
161 49.0 24.5 9.13 
165 39.4 28.3 10.29 
162 45.8 25.8 9.56" 
164 69.7 34.2 12.51 
161 52.3 28.3 10.55 
161 49.0 29.7 11.07 
m,; — 80.18 Ths = SOO = 10.59 
10.8834 
+1.04 
+0.31 

















*Room temperature. 


The second series (Table II) consisted of blood samples drawn during the 
afternoon prior to operation (about 18 hours before use in the pump-oxy- 
genator) from donors in various stages of the postprandial state. The bottles 
were cooled both before and after drawing the blood and kept so for about 
4 hours, when a sample for determination I was taken from each. Subse- 
quently, the bottles were placed in the refrigerator and kept overnight. De- 
termination II was made on the morning of the operation, just before placing 
the bottles in a warm water bath. The calculated rate of 1.39 + 0.18 mg. per 
cent per hour represents the rate of sugar utilization by the blood corpuscles 
at 4° C. Samples for determination III* were obtained 50 minutes before the 
bypass procedure and, since the blood sugar level dropped down to 25.59 mg. 


*The blood samples of the second series were kept in a warm water bath between deter- 
minations II and III but, since the time period necessary for equilibration at 37° C. from 
4° C. was not taken into account, the rate of change does not compare with the value ob- 
tained in the first series. It actually seems to approach the value for room temperature (see 
the first 2 bottles in the first series). The “t’” test gives significant difference between these 
two values, and since it is much less reasonable to presuppose that we are dealing with 
donors not belonging to the same general population, it depicts the influence of two temper- 
atures that are not comparable. 
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per cent (average of 12 bottles), additional glucose—1 e¢.c. of the 50 per cent 
solution—was added to each bottle to raise the severely hypoglycemic level. 
It is easy to calculate that, had this not been done, a blood glucose level in the 
vicinity of 16.77 mg. per cent could have been reached by the beginning of the 
bypass procedure. The glucose level of the patient’s arterial blood at this 
point was 133.5 mg. per cent. 

Thus, the rate of glucose consumption by the formed elements of blood, 
ealeulated as 10.59 + 0.31 mg. per cent per hour at 37° C., slowed down about 
7.5 times during refrigeration at 4° C., yet did not cease entirely, since gly- 
eolysis was still going on at the rate of 1.39 + 0.18 mg. per cent per hour. 


DISCUSSION 


Claude Bernard is said to have been the first one to observe, in 1876, that 
sugar disappears from blood in vitro. Gradually, it became obvious that the 
blood cells were not just inert cell remnants, but that they had a metabolism 
of their own which made a constant demand for a source of energy to sustain 
it. Macleod’® demonstrated that the disappearance of sugar from blood in vitro 
was a function of its corpuscular activity. That these demands were appreciable 
was clear from his observation that about one half of the original amount of 
dextrose disappeared in 2% hours from blood kept in vitro at 40° C. 

Glucose, the substrate for this cellular glycolysis, is supplied by plasma. 
While in vivo the actual amount of sugar required by the blood cells may be 
insignificant in the over-all carbohydrate metabolism, this need is quite definite 
and ean be underestimated in vitro. On closer examination, it is evident that 
the heparinized blood collecting bottles, in contrast to the A.C.D. bottles, are 
not enriched by an extra amount of dextrose. This is of still greater im- 
portance, because heparin—like hirudin and unlike oxalate*—does not retard 
glycolysis. From the above figures it is quite obvious that the rate of glycolysis 
in vitro, especially following incubation, is fast enough to impoverish the 
plasma glucose and produce alarmingly hypoglycemic levels in the course of 
hours. 

The vital importance of continuously maintaining the blood glucose level 
within a certain range has long been realized,** and the body’s ability to 
balanee the dynamie equilibrium of glucose® has been recognized as an indis- 
pensable facet of the homeostatic mechanism. In this way, the ‘‘normal’’ 
blood glucose level is tenaciously maintained to meet all body needs. How- 
ever, because of considerable individual variations both in health and disease, 
it is not possible to draw a sharp dividing line below which a blood sugar level 
can be regarded as abnormal or at which the various symptoms and signs of 
hypoglycemia begin. The range of normal fasting values in whole venous 
blood, using the Somogyi-Nelson method, is reported to be 65 to 110 mg. per 
cent, with an average value of 85 to 100 mg. per cent. Taking this as the 
normal range for “true’’ blood glucose, it has been generally accepted that 
levels below 50 mg. per cent mirror a serious situation, inasmuch as almost all 
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subjects then display difficulties of one sort or another. Despite individual 

variations, levels below 20 mg. per cent are extreme and are usually en- 
countered only during an insulin coma. 

While there is no definite relationship between the duration of any par- 
ticular hypoglycemic level and the severity of changes hereby produced, it is 
only logical to expect that the potential danger grows greater the longer a 
given hypoglycemic level lasts. In ease of extracorporeal circulation, this 
would also depend on the volume of blood used during the bypass procedure 
and on the patient’s own blood volume. When there is a considerable differ- 
ence in the ratio of these volumes, increase of a blood sugar content to the 
normoglyecemic levels (by the mixing of blood in the pump-oxygenator with 
the patient’s own blood) is consequently delayed and a hypoglycemic state 
prolonged. 

One more consideration, which is easily the most important single factor 
in a bypass procedure, involves the relatively great danger resulting from 
sudden change of a blood sugar level. It has been observed frequently in 
diabetics that a fast decrease of blood sugar content may produce symptoms, 
and even coma, although the actual blood glucose level is still above normal. 
Thus, the rate of fall is the determining factor irrespective of the absolute 
level reached and is most apt to bring on symptoms. And here we had a situa- 
tion where the change was truly abysmal: with turning on the pump the pa- 
tient’s blood sugar level was abruptly reduced by about 80 mg. per cent in one 
‘ase and, had this not been prevented, almost certainly by about 120 mg. per 
cent in the other. 

Any combination of these factors (rate of fall, absolute hypoglycemic level 
reached, and its duration) does, of course, aggravate the situation. In case 
of the present pump-oxygenators, it is the considerable priming volume of 
blood (more or less hypoglycemic) which is of additive importance in relation 
to the initial headlong drop in the patient’s blood glucose level. This is espe- 
cially true in their use on infants whose blood volume (as little as 500 ¢.¢. or 
even less) is suddenly confronted with an overwhelming charging volume of 
the pump-oxygenator (up to 5,000 ¢.c. or more). A temporary, acute hypogly- 
cemia (relative or absolute) is the inevitable outcome. Its effects are almost 
instantaneous and the general nature of such a deprivation is comparable only 
to an episode of sudden massive bleeding or acute anoxia. 

Outward results of this change are the chameleon-like manifestations of 
hypoglycemia, made more treacherous by concomitant anesthesia. Most of 
them are referable to the brain—cortex par excellence.’ The cerebral meta- 
bolic activity is maintained by the blood-borne glucose on which the brain is 
almost exclusively dependent for its oxidative processes; and since oxygen 
and glucose are so singularly intertwined in the cerebral metabolism,’ defi- 
ciency of the latter is tantamount to anoxia. So great is the brain’s suscep- 
tibility to lack of either substance that—hesides oxygen—a continuous, virtually 
second-to-second maintenance of the blood glucose level is indispensable for 
its functional and, eventually also, structural integrity. Prolonged hypogly- 
cemia, on the other hand, results in an impaired cerebral function and finally 
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in irreversible cortical changes accounting for the morbidity, for the various 
degrees of permanent functional decortication, and pessibly even for the 
mortality itself. 

As addition of an extra amount of dextrose to the heparinized blood col- 
leeting bottles offers itself as a logical measure to obviate this iatrogenic 
hypoglycemia, there are some details to be considered in this connection: how 
much sugar should be added, when, and what effect if any it might have on 
the blood, heparin and in turn, on the glucose itself.* 

From the clinical standpoint, assurance of continuing normoglycemia or 
slight hyperglycemia (corresponding to the postabsorptive levels) is the ob- 
jective. Since no long storage of the heparinized blood is being contemplated 
at the moment, raising existing glucose levels by an additional 100 mg. per 
cent would seem adequate for providing a sufficient margin of safety. Other 
things being equal, such a measure would allow about 70 more hours of re- 
frigeration or 10 more hours of ineubation. This is of particular advantage, 
since it is frequently impractical to collect fresh blood immediately prior to 
its actual use. 

Until the heparinized blood collecting bottles containing dextrose will 
be available commercially, additional 500 mg. of glucose (1 ¢.c. of the 50 per 
cent solution) per bottle can be introduced in the recirculating blood in the 
pump-oxygenator or in the bottles themselves. Because of the danger of pos- 
sibly contaminating the bottle contents during such an injection, this should 
be done just prior to the bypass procedure. ’ 

As for the possible interaction of the constituents in question—or rather 
the most probable absence of the same—so much ean be said at the moment : 

The possible hemolytic effect of glucose concentration below 2.5 per cent 
(osmotically equivalent to 0.45 per cent saline) and high dilution of serum? 
during the first impact of collected blood are offset by the presence of isotonic 
saline and by the fast flow of incoming blood. Since human erythrocytes are 
freely permeable to glucose at all its concentrations encountered in life, there 
is a rapid and uniform distribution of glucose throughout the total water of 
plasma and cells. By the same token, small increments of extra glucose, from 
any source,® are also distributed evenly’? and immediately™ at body tempera- 
ture. Moreover, the addition of extra glucose does not inerease the rate of 
glycolysis.’ At the same time, there is hardly any doubt that glucose could be 
used up entirely in this process, because dilution of serum does not alter the 
permeability of the red cell membrane to glucose,? and metabolic demands 
of a viable cell are continuous. (Note in this respect the glucose level of 
2.5 mg. per cent in the blood sample No. 11 of the second series. ) 

Heparin is a very stable polymerized polysaccharide containing both 
mucoitin sulfuric acid groups and glucosamine. Its anticoagulative properties 
are not destroyed by pancreatic extracts or prolonged boiling, and apparently 

*By way of comparison, it can be mentioned that the conventional A.C.D. blood bottles 


have 1.764 Gm. of glucose added (120 c.c. of the 1.47 per cent solution) to 480 c.c. of collected 
blood which gives an additional 294 mg. per cent in the transfused blood. Adding 0.5 Gm. (in 


30 c.c. of the 1.6 per cent solution) to the 470 c.c. of blood in the heparinized bottles would 
Sive 100 mg. per cent in addition to the blood glucose level already present. 
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not even by bacterial action.’7 Some repository preparations of heparin now 
in use include dextrose as vehicle constituent, like heparin in Pitkin’s menstruum 
with glucose in optimal concentration of 8 per cent. Heparin is being admin- 
istered intravenously in normal saline or 5 per cent glucose and its stability 
in aqueous solutions is well known. While its stability in the saline-glucose 
solutions awaits further studies, it can be easily shown by protamine titration 
that the decline in anticoagulative action of heparin (both before and after 
addition of blood) in the saline-glucose solutions is not significantly different 
from that in normal saline, at least not in the first 24 hours and in the concen- 
tration of glucose as suggested. 

Provided bacterial contamination is prevented, no change of glucose can 
be anticipated in view of its similar saccharide nature and stability in acid 
medium such as is found in heparin solutions. 


SUMMARY 


There is a definite hazard in using the currently available heparinized 
bottles for collecting blood to be used during extracorporeal circulation. Since 
the bottles do not contain any glucose, only the native plasma glucose is used 
as the substrate for cellular glycolysis. The blood sugar level is thus gradually 
rendered hypoglycemic. This danger is considerably increased, if older (12- to 
24-hour) blood is used when, following ineubation, markedly hypoglycemic 
levels can be reached in the course of several hours. Apart from the absolute 
level attained and the variable duration of hypoglycemia, it is the precipitous 
drop of blood sugar level that is particularly objectionable with respect to its 
noxicus effects on the cerebral function. Addition of extra glucose to the 
blood bottles as a simple and effective preventive measure is discussed and 
found sound and indicated. 


CONCLUSION 


Danger of a transitory, acute hypoglycemia during cardiopulmonary 
bypass is as real as it is preventable. To forestall its possible deleterious after- 
effects, the contents of the heparinized blood collecting bottles should be en- 
riched by a small amount of glucose. Addition of 500 mg. of dextrose to each 
bottle is recommended, preferably just prior to the bypass procedure. 


The author wishes to thank Mrs, Jenevieve Armstrong and Mrs. Gloria Baltes for their 
able technical assistance. 
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EXPERIMENTAL CEREBRAL EMBOLISM WITH ANTIFOAM A 


|. Kiffin Penry, Captain, USAF (MC), A. Robert Cordell, M.D., Frank R. 
Johnston, M.D., and Martin G. Netsky, M.D., Winston-Salem, N. C. 


INTRODUCTION 


i THE ADVENT of open ecardiae surgery, interest has been revived in 
the study of extracorporeal oxygenation of blood. Efficient oxygenators 
of various types have been developed. The older method of bubbling oxygen 
through blood is rapid and efficient for saturation of hemoglobin. Most of 
the currently used oxygenators, employing the bubbling principle, produce 
satisfactory hemoglobin saturation by dispersing oxygen in the form of tiny 
bubbles through the blood, thereby allowing the gas interchange at the bubble: 
blood interface. One of the greatest drawbacks to the use of the bubble 
oxygenator, however, has been the difficulty in defoaming blood adequately 
after oxygenation. The passing of blood over surfaces coated with a methyl 
polysiloxane resin (Antifoam A) is the most commonly used method of de- 
foaming. 

Clark and associates’ * * were among the first to use this effective method 
of defoaming in a bubble oxygenator system. Following their example, many 
others have employed this resin as a defoaming agent in the many types of 
bubble oxygenators currently used. The general impression is that the resin 
is a nontoxie substanee.*\> We ean find no report of any difficulty attributed 
with certainty to the use of this resin as a defoaming agent for bubble oxy- 
genators. Rowe and associates® studied extensively the toxicity of certain 
commercial silicones and hydrolyzable silane intermediates. They found that 
methyl polysiloxane resin is low in chronie toxicity as judged by oral feeding 
to rats over a period of 400 days. Irritation of the skin was not produced 
by this material on prolonged contact, and only transitory irritation of the 
conjunctiva was found when the material was placed directly into the con- 
junctival sae. Intraperitoneal and subeutaneous modes of administration also 
were studied without evidence of systemic toxie effects. The intravascular 
route was not tested. 

The resin is highly effective as a defoaming agent in concentrations of 
one to ten parts per million, if sufficiently dispersed.° The term concentration 
implies that a small amount of the material must be present in the diluting 
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medium in order to have the material exert its defoaming effects. There is, 
therefore, no support for the concept that adherence alone to a debubbling 
surface is adequate for defoaming. A small amount of antifoam is necessarily 
present in the defoamed blood. 

Because the vast majority of bubble oxygenators require blood to come 
in direct contact with this resin, the danger of embolic phenomena becomes 
apparent. Many investigators have suspected that antifoam causes some of 
the cerebral complications observed with the use of this material in bubble 
oxygenators. Giannelli and associates’ studied the brains of dogs having 
undergone perfusion for 2 hours with a bubble oxygenator. They observed 
‘lesions characteristically associated with embolism and infarction,’’ but 
they did not demonstrate emboli in the brain. They observed tiny antifoam 
particles in the reservoir of oxygenated blood being perfused but did not 
see bubbles or fibrin. When an excess of antifoam was used, a greater number 
of lesions was found in the brains. They concluded that the cerebral lesions 
were embolie in origin but were unable to determine whether the infarets 
were caused by air, fibrin, or antifoam emboli. Furthermore, adverse effects 
of antifoam have not yet been proved. DeCamp‘ and associates injected 
antifoam intravenously and into the aortic arch in dogs, but were unable to 
demonstrate abnormalities. The following experiments were undertaken to 
observe the cerebral effects of Antifoam A when injected into the internal 
carotid artery of the dog. 


MATERIALS AND METHOD 


Eight dogs were used, ranging in weight from 12 to 20 Kg. Injection 
of the internal carotid artery was performed in 6 dogs. Five of these re- 
ceived Antifoam A in heparinized blood; a sixth animal, serving as an ex- 
perimental control, received only heparinized blood. Two additional dogs 
were sacrificed and used for control of the staining methods. The internal 
carotid artery of one was perfused with liquid Antifoam <A to serve as a 
positive stain control; the brain of the other dog was not perfused and was 
used as a negative stain control. 

All of the injections were into the right internal carotid artery. Each 
dog was anesthetized with intravenous sodium pentobarbital and an _ endo- 
tracheal tube was inserted. Aseptic technique was used. The earotid bulb 
was exposed and short lengths of the distal common carotid, the proximal 
internal carotid, and the proximal external carotid arteries were isolated. <A 
loop of umbilical tape was placed around the distal common carotid artery 
and another around the proximal external carotid to immobilize the arteries 
when the injecting needle was introduced. 

Venous blood was used for the injection of the experimental control 
animal and as the antifoam vehicle for the injection of 4 other animals. Blood 
from the femoral artery was used as the antifoam vehicle for the injection 
of 1 animal (Dog 5). The blood was drawn into a sterile syringe containing 
heparin and then discharged into a 50 ml. sterile beaker. Antifoam in either 
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liquid (Dog 1) or spray form (Dogs 2-5) was added to the blood and mixed 
thoroughly. The mixture was drawn into a sterile 20 ml. syringe through a 
20-gauge needle, and all bubbles and air were eliminated carefully from the 
system. The total volume of antifoam injected was from 0.1 ml. to 1.0 ml, 
and the concentration of antifoam in the blood mixture ranged from approx- 
imately 1.0 per cent to 13.8 per cent (see Table I). The duration of injection 
was from 15 to 180 seconds. The left common earotid artery was occluded 
manually during two injections (Dogs 5 and 6) to inerease the cerebral 
blood flow from the right internal carotid artery. 

With the arteries immobilized by umbilical tapes, the needle was inserted 
into the lumen of the distal common earotid artery and advanced through 
the carotid bulb into the lumen of the proximal internal carotid artery. 
Traction on the arteries was released so that» they lay in normal position. 
The injections of the mixture were continuous and timed (see Table I). When 
the injection was completed, the needle tip was withdrawn to the level of 
the carotid bulb and held for 3 minutes before removal from the vessel. 
Hemostasis was obtained by pressure, with care being taken not to interrupt 
blood flow within the carotid artery. The wound was closed in layers with 
interrupted black silk sutures. Trypan blue in isotonic saline (10 mg./Kg.) 
then was injected intravenously to detect an increase in capillary permeability. 

The dog was returned to a warm recovery cage where hourly observations 
were made until recovery from anesthesia. Subsequent observations were 
made twice a day. At different intervals, up to 168 hours after injection, the 


surviving animals were anesthetized with intravenous sodium pentobarbital 
and sacrificed by transection of the thoracic aorta. The brain was removed 
immediately and suspended in 10 per cent formalin in isotonie saline solution. 


After 48 hours in the fixative, the brains were photographed and sectioned 
in the coronal plane. Representative blocks were embedded in ecelloidin for 
sectioning at 20 microns and staining by the methods of Nissl and Weil. 
Other blocks were frozen and sectioned at 15 microns. Frozen sections were 
stained with oil red O,° and the facing sections with osmie acid.t° Oil red O 
has been used for many years to stain fat"; the staining is due to the solubility 
of this azo dye in the fat and not to a chemical reaction. The staining of 
antifoam by oil red O was demonstrated in vitro and in frozen seetions of 
the brain (Dog 8) used as a positive stain control. In the osmie acid method, 
fat is rendered black by the deposition of osmium from a 2 per cent solution 
of osmium tetroxide; and thus this reaction is not based on solubility. Antifoam 
in vitro and in the positive stain control did not become black when the osmie 
acid method was applied. Therefore, when a substance is not rendered black 
by the osmic acid method, the material is not a fat. 


RESULTS 

The details of the individual experiments are shown in Table I. Abnormal 
clinical signs and histologic lesions were found in all animals receiving an 
injection of antifoam but were not seen in the experimental control animal. 
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Slower, deeper respirations were observed in 2 animals during the period of 
injection. One of these animals remained comatose and died after 15 hours. 
A third animal responded to the injection with a loud inspiratory howl and 
apnea with immediate death. The injection did not evoke an immediate 
response in 2 other animals. The severity of the clinical signs differed widely 
in the surviving dogs. One animal (Dog 3) was lethargie with loss of interest 
in food and surroundings. Two others (Dogs 4 and 5) were semicomatose 
with severe generalized paralysis and required tube feeding. They improved 
within 1 to 2 days but remained lethargic. 


Wig; -i. Fig. 2. 

Fig. 1—Photograph of dorsal surface of brain (Dog 1). The dilatation of the lepto- 
meningeal blood vessels in the distribution of the right middle and both anterior cerebral 
arteries causes a dark appearance of these regions. The pallor in the region of the left middle 
cerebral artery is a striking contrast. Staining with trypan blue was seen, but it is not 
apparent in this photograph. 

Fig. 2.—Photograph of dorsal surface of brain (Dog 5). There is a large hemorrhagic 
infarct on the surface of the left cerebral hemisphere. Numerous small infarcts are present 
in the lateral and ectolateral gyri of both cerebral hemispheres. 


The macroscopic findings ranged from simple vascular dilatation to 
frank infaretion. Fig. 1 illustrates dilatation of blood vessels in the region 
supplied by the right middle and both anterior cerebral arteries. Diffuse and 
focal staining with trypan blue was present in the region of dilated blood 
vessels. The most severe lesions were large and small hemorrhagic infarcts 
(Fig. 2). The findings on microscopic examination ranged from neuronal 
changes to infarets with hemorrhage. The animal dying immediately was 
the only one without significant lesions of the parenchyma. Seattered foci 
of neuronal loss were seen in the cerebral cortex. These foci stood out in 
striking contrast to the normal tissue (Figs. 3 and 4). They were surrounded 
by neurons undergoing pyknosis, swelling, and loss of Nissl substance. The 
small blood vessels in and around these zones were dilated and distended with 
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Fig. 3.—Macrophotograph of coronal section of brain (Dog 4). Small foci of 
cells are scattered predominantly in the right cerebral cortex (on the viewer's left). 
technique; xX 3.6; reduced 15. 


Fig. 4.—-Photomicrograph of outer layers of the cerebral cortex (Dog 4).. Neurons are de- 
creased in number in the pale focus, (Nissl’s technique; x 140; reduced Yo.) 





Fig. 5.—Photomicrograph of cerebral cortex (Dog 5) which shows a microinfarct. Note 
the loss of cells and complete destruction of the parenchyma, with infiltration of mononuclear 
orgy A ——. distended blood vessel is seen at the edge of the infarct. (Nissl’s technique; 
x 140; reduced Yo.) 


Fig. 6.—Photomicrograph of cerebral cortex (Dog 2). <A blood vessel is distended and oc- 
cluded by an embolus of Antifoam A. (Oil red O technique; x 480; reduced po.) 
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blood. Small zones of demyelination were present less frequently in the 
subeortex. Perivascular infiltrates of mononuclear cells were sharply localized 
and were scattered mostly in the white matter. 

The infarets ranged from 0.1 mm. to 10 mm. in greatest dimension. 
The overwhelming majority of the infarets were no greater than 1.0 mm. 
(Fig. 5). The largest infarcts contained small islands of preserved tissue, 
giving the appearance of numerous adjacent microinfarets which had coalesced 
into a larger one. Hemorrhage into the infarets occurred only in a few 
instanees. Both gross and microseopie lesions were concentrated in the 
cortex of the parieto-occipital regions and were sparse in the frontotemporal 
regions. Lesions were rare in the basal ganglions. 

Occlusion of capillaries and small arterioles by antifoam was demon- 
strated in all animals injected with this substance, but occlusion of larger 
blood vessels was not seen. In the frozen sections stained with oil red O, 
eapillaries and small arterioles were filled and often distended with antifoam 
(Fig. 6). Material impregnated with osmium was not found within the blood 
vessels of the facing sections. Antifoam emboli were distributed widely 
throughout the cerebral cortex of the involved zones and were found infre- 
quently in the subcortical white matter. The largest number of emboli was 
demonstrated in the animal dying suddenly (Dog 2). The 2 animals (Dogs 
4 and 5) with the greatest quantity of parenchymal destruction had fewer 
oceluded capillaries, but both survived a longer time. 


DISCUSSION 


Magendie,’* in 1821, reported an experiment where he observed sudden 
death with occlusion of the small blood vessels after intravascular injection 
of oil. Antifoam is an oily substance with many physical properties similar 
to those of animal fats and oils, but it differs chemically. It should not be 
surprising, therefore, to find embolic occlusion of blood vessels after intra- 
vascular injection of this substance. 


The primary lesion in antifoam embolism is the ocelusion of capillaries and 
small arterioles. Immediate death, or coma and subsequent death of the 
animal result if many adjacent capillaries are occluded suddenly in a large 
part of the cerebral cortex. Large numbers of occlusions oceurring more 
slowly result in coma and survival. The temporary loss of consciousness 
accompanies the interference with capillary circulation, but the persisting 
lethargy apparently results from the neuronal destruction. Microinfarets 
are found in animals surviving more than 15 hours and are secondary lesions 
which develop after embolic occlusion of a small arteriole or of numerous 
adjacent capillaries. If the occlusions are sparsely distributed, only a few 
isolated neurons will die. 

The data in Table I show that the clinical and pathologie findings are 
correlated with the number of emboli and rate of capillary occlusions. Two 
animals (Dogs 1 and 2) received a large number of emboli rapidly. One 
of these died immediately, and the other survived in coma for only 15 hours. 
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Two other animals (Dogs 4 and 5) received a small quantity of emboli slowly 
and survived. After recovery from coma, lethargy and paralysis persisted. 
Only lethargy resulted when a very small quantity of emboli was given to 
another animal (Dog 3). The emboli were few and widely distributed; they 
did not cause extensive interference with capillary blood flow. 

The animal dying suddenly had the greatest number of capillary oc- 
clusions because a large number of antifoam emboli was injected, but in- 
sufficient time elapsed for removal of the embolie material. Infarets were 
not found because the animal died too quickly. The brain appeared normal 
on macroscopic examination exeept for vascular dilatation. The only lesions 
on microscopic examination were numerous antifoam emboli. In the other 
animals receiving antifoam, staining of the brain by trypan blue gave evidence 
of inereased capillary permeability. The pale infarets caused by antifoam 
often were seen only on microscopic examination. 

Our experimental findings are comparable in many respects to those 
found in cerebral fat embolism.1**** In the latter, widespread occlusion of 
small vessels is accompanied by lethargy and coma. If death does not occur, 
recovery begins after a few days. Loealizing neurologic signs are rare and 
usually are associated with other complications. The fat emboli either pass 
through the eapillaries or are removed by macrophages. The small foci of 
destroyed tissue undergo glial repair, but the damage may not be apparent in 
the behavior of the patient. In those dying in coma, the pathologie findings are 
occlusions of small blood vessels by fat, perivascular hemorrhages, demyelina- 
tion, and microinfarets. The latter two lesions are not found if death occurs 
immediately after the onset of coma. The only striking difference between 
fat and antifoam embolism is the paueity of perivascular hemorrhages in our 
experiments. The hemorrhages so prominent in cerebral fat embolism may 
be associated with hypoxia and other disturbances secondary to capillary 
occlusions in other organs. Our pathologie findings also are comparable to 
those of Swank and Hain” in their study of microembolization with paraffin. 

The cerebral distribution of the emboli is interesting beeause the micro- 
infarets are concentrated in the parieto-occipital regions, are sparse in the 
frontotemporal regions, and rare in the basal ganglions. The regions receiving 
the largest number of emboli, therefore, are those supplied by the terminal 
leptomeningeal divisions of the middle and anterior cerebral arteries. The 
terminal divisions divide from the main trunk at small angles, but the proximal 
divisions supplying the basal ganglions branch at right angles. It appears 
that the angle of branching and the size of the main division influence the 
distribution of these emboli. 


CONCLUSION 


Antifoam when injected in sufficient amount into the cerebral arterial 
system can cause sudden death, or coma and subsequent death. Cerebral in- 
faretion results if enough time elapses after injection. Capillary occlusion 
by antifoam ean be demonstrated by the oil red O technique in frozen sections 
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and differentiated from fat by the osmie acid method. The clinical and 
pathologic findings in cerebral embolism with antifoam are comparable in 
many respects to those observed in cerebral fat embolism. 


The authors would like to express their appreciation to Mr. ©. J. Roseoe, Chemical 
Engineer, Western Electric Co., for his cooperation and assistance in this work. 
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THE ELECTROENCEPHALOGRAPHIC EFFECT OF COMPRESSION 
OF THE SUPERIOR VENA CAVA DURING THORACOTOMY 


Verne L. Brechner, M.D., Eva M. Kavan, M.D., and John B. Dillon, M.D., 
Los Angeles, Calif. 


T HAS LONG been appreciated that electrical cortical activity accurately re- 

fleets depth of anesthesia. Gibbs, Gibbs, and Lennox’ recorded electroenceph- 
alographie patterns during ether anesthesia in 1937. At that time, they were 
able to correlate depth of anesthesia with the various recorded patterns, and 
suggested that the electroencephalogram be used to monitor depth of ether an- 
esthesia. Rubin and Freeman? reported some of the electroencephalographic 
changes associated with cyelopropane in 1940, and Brazier and Finesinger* 
conducted a similar investigation with barbiturates in 1945. In 1950-1953, 
Fauleoner,! Courtin,® Possati,® Kiersey’ and their associates classified the 
electroencephalographie patterns seen during diethyl ether, nitrous oxide, 
eyelopropane, and Pentothal anesthesia, correlating the patterns with blood 
concentrations of the various anesthetie agents at different planes of anesthesia. 
By so doing, they laid a firm foundation for the electroencephalographie moni- 
toring of depth of anesthesia. 

Other investigators recognized that the electroencephalogram taken during 
maintenance of general anesthesia could be affected by certain cortical insults 
unrelated to the anesthetic agent. Beecher, MeDonough, and Forbes® de- 
seribed the effects of hypotension during ether anesthesia in 1938. They found 
that an episode of hypotension resulted in electroencephalographie patterns 
similar to those of deepening anesthesia, although the concentration of admin- 
istered anesthetic was unchanged. In 1950, Goldensohn, Busse, and their 
co-workers® found that a similar progression of the electroencephalographic 
patterns resulted from hyperearbia incident to diffusion respiration during 
Pentothal anesthesia. The effect of low oxygen tension on the eleetroeneeph- 
alogram was described by Davis and his associates'’ as early as 1938. In 1953, 
Clowes, Kretchmer, McBurney, and Simeone! described the electroeardio- 
graphic effects of hyperearbia and anoxia during anesthesia for surgical 
procedures. 

In its present application in the operating room, the electroencephalogram 
is used to monitor total cerebral depression. It is recognized that the anesthetic 
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agents are only one of many factors which may depress the cerebrum during 
such procedures. When the depression is greater than that expected from the 
amount of anesthetic agent administered, an additional cause of cerebral de- 
pression (anoxia, hyperearbia, decreased cerebral circulation) is assumed to be 
affecting electrical activity and an effort is made to find the cause and elim- 
inate it. 

During the past 2 years, electroencephalographie monitoring has been ap- 
plied to all open-heart procedures (cardiac bypass or hypothermia with oc- 
cluded circulation) performed at the University of California Hospital, Los 
Angeles. On five occasions during thoracotomy for eardiae bypass, but before 
the pumping procedure started, we had noted a depression of cortical electrical 
activity associated with compression of the superior vena cava. In all cases, 


MIXED PATTERN 


Dvn WAMU Yay nnn 


TWO MINUTES LATER. VOLTAGE DECREASES SUDDENLY. 
SUPERIOR VENA CAVA COMPRESSED BY RETRACTOR. 


RETRACTOR REMOVED. EEG - SIMILAR TO A. 


Fig. 1.—Thoracotomy under cyclopropane anesthesia. Tracings taken after pleura opened. 


the depression was unaccompanied by changes in the electrocardiogram, sys- 
temic blood pressure, or respiratory pattern. In Case 1, 2, 3, and 5, the 
electroencephalographie patterns returned to the predepression pattern shortly 
after the compression of the superior vena cava was released, and before any 
changes were made in pulmonary ventilation or concentration of anesthetic 
gases administered. In the fourth case, the electroencephalographie pattern 
gradually returned to the predepression level even though the partial occlusion 
of the superior vena cava was not released. 

Cyclopropane was used as an anesthetic agent in all cases. The 5 eases 
are presented below. 
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Case 1 (Fig. 1).—The operative procedure and maintenance of anesthesia 
was uncomplicated until the voltage of the electroenecephalographie patterns 
deereased over a 2-minute period. This was unaccompanied by any change 
in frequeney of cortical activity. Pulse rate, blood pressure, and the eleetro- 
cardiographic patterns were unchanged. The surgeofi was notified of the al- 
teration and noted that a retractor was partially o¢cluding the superior vena 
cava. The retractor was removed and the voltage promptly returned to the 
predepression level. 

Case 2 (Fig. 2).—The electroencephalographie pattern developed a sud- 
den decrease in voltage with slowing in frequency. These changes rapidly 
progressed to complete cortical electrical silence. A retractor was found com- 
pressing the superior vena cava. The electrical activity of the brain rapidly 
returned to the predepression level when the retractor was removed. The con- 
centration of cyclopropane was not changed during this episode. 

Case 3 (Fig. 3).—The electroencephalographic tracings were being re- 
corded at a slow paper speed of 1 mm. per second. An increase in voltage 
was noted, and the paper speed was increased to 15 mm. per second. <A pat- 
tern of moderately severe cortical depression developed and it was noted that 
the superior vena cava was partially obstructed by a clamp. The obstruction 
was removed and the cortical electrical activity rapidly changed to a faster 
frequency and lower voltage. 


Case 4 (Fig. 4) —As the great vessels were being freed, the surgeon stated 


that in order to get proper exposure, it was necessary to retract the superior 
vena cava to such a degree that it would be partially occluded. Prior to par- 
tial occlusion, the electroencephalographie pattern was one of fast frequency 
(18 to 20 ¢.p.s.) at relatively low voltage (less than 100 microvolts) ; 20 seconds 
following partial occlusion, the frequency slowed and the voltage increased 
until a pattern of moderate depression was established. The cortical electrical 
activity showed no further depression during the next 2 minutes. Then, even 
though the superior vena cava remained partially occluded, the cortical electri- 
eal activity returned to the predepression level. 


Case 5 (Fig. 5).—Difficulty was encountered during insertion of a drain- 
age catheter into the superior vena cava prior to the pumping procedure. On 
the basis of experience from the preceding 4 cases, the surgeon requested that 
the electroencephalogram be closely observed. Coincident with this request 
it was noted that the electroencephalographic pattern was changing from 6 to 
8 ¢.p.s. frequency and voltage to 100 pv to a pattern of slow frequency (1 to 2 
e.p.s.) high voltage (200 to 300 pv), thus reflecting a moderately severe degree 
of cortical depression. The cortical depression continued to increase over the 
next 20 seconds until a pattern of electrical silence was recorded. The electri- 
cal silence persisted during the next 3 minutes while the surgeon attempted 
to readjust the position of the catheter. The catheter was then removed. This 
was followed by a rapid return of the electrical cortical activity (low voltage 
6 @.p.s. activity). A smaller catheter was then inserted into the superior vena 
cava without any accompanying electroencephalographie change. 
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'» obstruction although the cava is still compressed. 


a 
4, SUPERIOR VEMA CAVA PARTIALLY OBSTRUCTED BY RETRACTION AT a. 


«+ SLOWING OF FREQUENCY AND INCHEASE iN ¥ 
OF INCREASING CERESRAL DEPRESSION, — 


{Anis or WAIMAMMnnAury 


sna 
3 - @ €.£.G, HAS STABILIZED AT A LEVEL OF MODERATE CORTICAL DEPRESSION, 


9. CORTICAL DEPRESSION LESSENING, SUPERIOR VENA CAVA STILL PARTIALLY OBSTRUCTED, 


10 S076 
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10, SUPERIOR VENA CAVA HAS BEEN PARTIALLY OBSTRUCTED Six ‘AND A HALF 
MINUTES, CORTICAL ELECTRICAL ACTIVITY IS SIMILAR TO THAT RECORDED 
PRIOR TO OBSTRUCTION ALTHOUGH THE CAVA IS STILL COMPRESSED. 


Pg: 4.—Continuous tracing. 1, Superior vena cava partially obstructed by retraction at 
, Slowing of frequency and increase in voltage indicative of reine eae cerebral depres- 
ion, "£8, EEG has stabilized at a level of moderate cortical depression. , Cortical depres- 
on lessening, superior vena cava still partially obstructed. 10, Superior cue cava has been 
irtially obstructed 614 minutes, Cortical electrical activity is similar to that recorded prior 


Throughout this episode, all vital signs remained unchanged, Both lungs were visible 
nd well ventilated, and the concentration of cyclopropane administered was not changed. 
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Fig. 5.—Continuous tracing. 





har ‘4 EEG EFFECT OF COMPRESSION OF SUPERIOR VENA CAVA 

DISCUSSION 

In Case 4 the superior vena cava was partially obstructed purposely, and 
the degree of cortical depression monitored electroencephalographiecally. The 
return of electrical activity to predepression levels while the compression of the 
superior vena cava persisted may indicate that compensatory mechanisms adjust 
to the abnormal condition caused by the obstruction. The progression of corti- 
cal depression to complete electrical silence in Cases 3 and 5 would indicate 
that these compensatory mechanisms cannot always adjust satisfactorily. 

Although the venous pressure in the internal jugular vein was not meas- 
ured in any of these patients, it seemed possible that the electroencephalo- 
eraphic depression associated with obstruction of the superior vena cava results 
from increased cerebral venous pressure. In all> cases, we were impressed by 
the absence of change in vital signs, electrocardiographie signal, and systemic 
blood pressure associated with the cortical depression. 

These observations, as well as others in different types of cases, have led 
us to believe that electroencephalographie monitoring of anesthetized patients 
constitutes a valuable addition to methods of monitoring the proper conduct of 
both anesthesia and surgery. While it is appreciated that it is not practical 
to employ all possible methods of monitoring in all surgical patients, these 
observations would tend to point out that care in the placement of retractors 
during thoracic surgery may prevent some otherwise unexplained postoperative 


neurological sequelae, or sequelae that may have been attributed to anesthesia. 


SUMMARY 


Five eases of depression of cortical electrical activity associated with par- 
tial obstruction of the superior vena cava are presented. 

In the 5 cases presented, the electroencephalographie depression was unas- 
sociated with changes in vital signs and electrocardiographie signals. Electro- 
encephalographic monitoring allows the early detection of a cerebral insult 
which might have resulted in cortical damage had it been allowed to persist. 

It is suggested that the cortical depression described in these 5 cases re- 
sulted from increased cerebral venous pressure. 
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PRACTICAL METHODS OF HOMOLOGOUS CARDIAC 
TRANSPLANTATION 


Watts R. Webb, M.D., Hector S. Howard, M.D., and William A. Neely, M.D.., 
Jackson, Miss. 
With the Technical Assistance of Stennis Wax and Dyke Hagaman 


 etiare experiments have demonstrated fundamental principles of trans- 
plantation of the heart with both lungs, and the heart with one lung.' Homol- 
ogous or autologous transplantation of the heart with both lungs is feasible 
technically, but encounters the physiologic impasse of respiratory insufficiency,” 
which can be circumvented by leaving one innervated lung in the recipient. 
While transplantation of the heart with the left lung is technically difficult, due 
to the overlying arch of the aorta, transplantation of the heart with the right 
lung (Fig. 1) has proved relatively easy. 

These experiments have been continued to develop methods of transplanting 
the heart by itself, which conceivably could prove more desirable in many 
cireumstanees. The heart can survive without circulation for periods of at 
least 90 minutes at room temperature if, as suggested by Crowell and Smith,* 
the heart is heavily heparinized, or if the blood is perfused from the cardiae 
capillary bed to prevent the formation of obstructing clots within the coronary 
vascular bed.* If, in addition, the heart is refrigerated in a nutrient medium 
at 4° C., it can be preserved for at least 6 to 8 hours and return to normal 
funetion.’ Utilizing these methods to gain requisite time and the pump-oxygena- 
tor to maintain the recipient during the period of transfer, techniques of eom- 
plete homologous cardiae transplantation have been developed. 


METHODS 


Matched pairs of healthy adult mongrel dogs were anesthetized with pento- 
barbital and respirations were maintained by intermittent positive pressure with 
room air. Sternal splitting incisions were found to offer satisfactory exposure. 
The dissections in the donor and recipient are comparable except for treatment 
of the vessels. Preparation of the hearts requires isolation of the inferior and 
superior venae cavae, aorta, pulmonary artery, and pulmonary veins. The 
Sondergaard technique was utilized bilaterally to obtain sufficient length for 
the pulmonary veins, particularly for the left superior pulmonary vein which 
bifureates immediately into two small vessels. 


" From the Department of Surgery, University of Mississippi School of Medicine, Jackson, 
Miss. 
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After inflow occlusion, the donor heart was perfused with lactated Ringer’s 
solution through the right atrium, to flush all blood from the heart and Jungs. 
Alternately, 10 mg. of heparin per kilogram of body weight) may be injeeted 
intravenously to prevent intravascular clotting during the period of ischemia. 
After division of the vessels, the heart was dissected free from the trachea to 
which it is attached by thin areolar tissue, and refrigerated in cold Tyrode’s 


Fig. 1.—Diagram showing anastomoses used in transplantation of heart and right lung. 


Fig. 2.—Diagram showing anastomoses required in cardiac transplantation. 


solution containing 10 per cent serum, according to the formula of Gross and 
co-workers.® After the heart had been cooled, couples (Fig. 3) were inserted 
into the venae cavae and pulmonary veins. 


In the recipient animal, the phrenie nerves were carefully freed from the 
pericardium, and dissection performed as above. All vessels were left long and, 
to obtain additional length, the pulmonary veins may be divided with a euff 
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of atrium. After the preparatory dissection had been completed, the pump- 
oxygenator was connected by venous catheters inserted in the femoral and jug- 
ular veins, and an inflow catheter in a femoral artery. The venae cavae and 
aorta were cross-clamped and the heart excised. 

The donor heart was inserted with the venous couples being attached to 
the corresponding veins. During this period there is some loss of blood through 
the pulmonary veins due to the bronchial circulation to the lung. After anas- 
tomosis of the pulmonary veins to the heart, the inflow from these fill the heart, 
to aid in preventing air embolism. The pulmonary artery was anastomosed next, 
and the aorta last. Prior to completion of the aortie anastomosis, a small catheter 
was inserted into the left ventricle and saline solution injected to remove any 
remaining air. The aortic clamp was removed first to allow restoration of 
coronary circulation before the heart assumed the*load of the full cardiae output. 
If a heart had not been refrigerated, the aorta would be anastomosed first to 
re-establish the coronary circulation as soon as possible. 
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Fig. 3.—Couples used for venous anastomoses. The slit allows easy placement and removal 
over the vein without allowing leakage. 
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OBSERVATIONS 

The donor, hearts were exteriorized from 2 to + hours before their coronary: 
circulation and function were restored. If the aorta and pulmonary artery were 
sutured, the actual insertion required about 40 minutes. If, as was oceasionally 
done, the aorta and pulmonary artery were joined with couples, the insertion 
time could be reduced to about 22 minutes. Usually an additional 20 to 30 
minutes and partial support by the pump-oxygenator was required before the 
transplanted heart was fully warmed and functioning strongly enough to assume 
the full resting circulatory load. 

Countless mistakes and failures were encountered during the developmental 
phases of this procedure. Of twelve technically successful transplants, however, 
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satisfactory cardiac function with normal blood pressure was restored in ten. 
Two were lost from arrhythmias and failure. In both of these, air.embolism was 
noted which was thought to be the primary cause of failure. Four hearts spon- 
taneously resumed a sinus rhythm. The remainder fibrillated, but responded to 
electrical defibrillation. One heart, which had done well for 25 minutes, was 
lost when additional caleium chloride caused fibrillation which could not be eor- 
rected. It was noted repeatedly that these hearts are extremely sensitive to the 
action of drugs such as ealeium or Adrenalin. , 


‘ Fig. 4.—Electrocardiogram of Dog i0—Control, 1 hour and 5 hours after transplanta- 
tion (3 and 7 hours after initial removal from donor). Note the slow rate of the denervated 
heart and the S-T segment depression suggesting anoxia. Dog died of oozing at 6 hours. 


The remaining dogs lived from 30 minutes to 7 hours and 30 minutes. 
Two dogs showed gradual development of firm, raised, ischemic appearing areas 
over the surface of the myocardium, suggesting edema of the myocardium, prob- 
ably from the trauma of massaging the chilled heart. Unfortunately, the peri- 
cardium had to be removed during the dissection and most hearts showed small 
areas of eechymosis at the areas of greatest trauma from the cardiac massage. 
These had not been seen with different techniques of transplantation where the 
pericardium could be preserved. The greatest hazard was continued oozing from 
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the tremendous raw surfaces developed during the procedure. Undoubtedly 
many of these dogs had developed a hemorrhagie diathesis during the 1- to 2-hour 
period of cardiopulmonary bypass. 

In contrast to those with transplantation of the heart and both lungs, the 
longer survivors were able to breathe spontaneously. Eleectrocardiograms (Fig. 
4) revealed restoration of relatively normal patterns; the rate was slower as 
expected in a denervated heart, and most showed S-T segment depression sug- 
gestive of the effects of anoxia. 


DISCUSSION 


Mann and his associates’ first transplanted puppy hearts into the neck of 
recipient animals using speed primarily to prevent degeneration of the trans- 
planted heart. They could accomplish the transplantation in 5 minutes, and the 
puppy hearts survived for several days. Mareus, Wong, and Lusida* reported 
the use of interim perfusion of the donor heart while transplanting it and the 
lungs into the abdominal cavities of dogs, with anastomoses to the inferior vena 
cava and the aorta. With artificial respiration, this heart-lung preparation was 
able to maintain life temporarily while the recipient’s own heart and lungs 
were excluded from the circulation. Neptune and his associates? were the first 
to transplant the combined heart and lungs into the mediastinum to replace the 
recipient’s own heart and lungs, and reported one 6-hour survival. We have 
been unable to confirm their finding that such a preparation is compatible with 
adequate spontaneous respiration. Our experiences with autotransplantations 
of the heart and lungs demonstrated that, if the trachea is sectioned at the 
carina to leave a well-innervated trachea, spontaneous return of respiration is 
possible, although the respiration is quite slow and the protective cough reflex 
is abolished. These latter experiments were performed utilizing the method of 
Sen, Shah, and Satoskar,'® who demonstrated continuous recirculation of blood 
through this isolated heart-lung during the transfer. 

Berman and his associates" have likewise successfully transplanted the heart 
in dogs with survivals for 21 and 117 minutes. In neither of these, however, was 
a normal blood pressure developed. Requisite time was gained by the utilization 
of two teams, so that the heart was. out of the body approximately 30 minutes. 
Rather than utilizing individual anastomoses of the pulmonary veins, the atria 
were sutured on each side, reducing the number of anastomoses from eight to 
Six. 

In view of the numerous anastomoses required, couples of some nature are 
advantageous. Couples such as those of Fryfogle’? allow early restoration of 
blood flow, and the anastomoses can then be performed at leisure. The couples 
we have used (modified Blakemore tubes) were found to be very similar to those 
of De Villegas,’* although developed independently and used somewhat differ- 
ently. A sewing machine or a stapler such as that devised by the Russian, 
Androsov,'* may prove to be extremely valuable. 


The above methods outline the general principles for solution of the prob- 
lems of time and of technique for possible future clinical cardiac transplantation. 





366 WEBB, HOWARD, AND NEELY J. Thoracic Surg. 
March, 1959 


Obviously, many refinements and further developments are necessary in many 
phases of this complex procedure before such will be possible. In addition, the 
unsolved problem of the immunologic responses will prevent permanent sur- 
vival of any transplanted homologous organ at this time. Llowever, the inroads 
made by the investigations of Billingham,'’ Enneking,'® Edgerton,’ Vareo,** 
and many others, point to the general nature of this reaction, and indicate that 
these problems likewise may be solved. 


SUMMARY 


Technical and physiologic considerations of free homologous cardiae trans- 
plantations are presented. Of twelve technically successful transplants utilizing 
refrigerated hearts, ten were able to maintain normal blood pressures from 30 
minutes to 714 hours. 
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THE BACTERIAL FLORA OF THE HUMAN 
TRACHEOBRONCHIAL TREE 


Noble O. Correll, Jr., M.D., Kenneth C. Johnston, M.D., Hiram T. Langston, 
M.D., and Ralph H. Hubble, Ph.D., Chicago, Ill. 


INTRODUCTION 


AY THE NUMBER and extent of operations upon the pulmonary system in- 
ereases, knowledge of its physiology becomes more important. Studies 
of the bacterial flora of the tracheobronchial tree would seem to be of value. 


METHODS 


The bronchial mucus from each of 200 patients in a tuberculosis sani- 
tarium was cultured. The specimens of mucus were obtained at bronchoscopy 
from 100 patients, and from the open bronchial stump at the time of eanumen d 

resection from the other 100 patients. 

The method for obtaining bronchial mucus at bronchoscopy was as fol- 
lows: Following production of topical anesthesia with 2 per cent Pontocaine 
spray of the pharynx and the perlaryngeal instillation of 10 per cent cocaine 
intratracheally, the patients were bronchoscoped to determine the status of 
the tracheobronchial tree. During bronchoscopy, a swab was taken of the 
bronchial mucus from within the main-stem bronchi. The swabs were placed 
in a sterile container and given to the bacteriologist, who transferred the 
swabs to trypticase soy broth and incubated them overnight. The broth eul- 
tures were examined microscopically after 16 hours of incubation. If the flora 
appeared to consist of staphylococci, streptococci, pneumococci or any com- 
bination of gram-positive cocci, mixed culture sensitivities were made on blood 
agar and Mueller-Hinton media for a range of antibiotics and sulfonamides. 
The high-low concentrations of drugs in commercially prepared disks* were 
used. If gram-negative bacilli were present, isolation on EMB agar was made 
for further identification and sensitivities. 

The method for obtaining bronchial mucus at surgery was as follows 
The swabs of bronchial mucus obtained at surgery were made by swirling 
the sterile cotton applicator in the aggregate of mucus found in the open 
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proximal bronehial opening following transeetion of the bronchus at the time 
of pulmonary resection. This collection of mueus was cultured and then 
smeared for gram stain. With two exceptions, the culture’of these swabs 
began immediately after their receipt from surgery. Invariably these swabs 
were found to be saturated with blood-tinged mucus. Using aseptic technique, 
they were swirled in trypticase soy broth, thioglycollate broth, then streaked 
on blood agar, and finally smeared on a microscopic slide for direct examina- 
tion by gram stain. Subculture sensitivity studies were made as described 
previously for cultures from bronchoscopy swabs. 

All cultures were continuously ineubated at 37° C. until positive or for 
4 days if negative. Concurrent incubation under 10 per cent carbon dioxide 
environment was performed with a limited number of surgical swab specimens. 
No additional positive cultures were obtained under carbon dioxide. 

Of the one hundred resections, there were fifty-seven lobectomies, seven- 
teen pneumonectomies, sixteen segmentectomies, and ten lobeetomies with 
segmentectomies. 


RESULTS 


All eultures of bronchial mucus obtained .at bronchoscopy were positive. 
Most were mixed cultures and revealed bacteria commonly found in the 
pharynx. The relative incidence of each microorganism can be seen in Table I. 


TABLE I. RESULTS OF CULTURE OF BRONCHIAL Mucus OBTAINED AT BRONCHOSCOPY 








BACTERIA | WHICH FOUND 





Staphylococcus albus, coagulase negative 40 
Staphylococcus albus, coagulase positive 21 
Staphylococcus aureus, coagulase negative 15 
Staphylococcus aureus, coagulase positive 10 
Alpha streptococcus 28 
Beta streptococcus 8 
Diplococeus pnewmoniae 9 
Neisseria catarrhalis 

Acrobacter acrogenes 

Pseudomonas aeruginosa 

Proteus vulgaris 








The cultures of bronchial swabs taken at surgery showed ‘‘no growth’’ 
in 80 of the 100 cases. The bronchial mucus of 20 patients (20 per cent) 
contained viable bacteria, usually in pure culture, as shown in Table II. 


TABLE II. RESULTS OF CULTURE OF BRONCHIAL Mucus OBTAINED FROM THE OPEN 
BRONCHIAL STUMP AT THORACOTOMY 

l NO. OF SPECIMENS 

BACTERIA IN WHICH FOUND 











Staphylococcus aureus, coagulase positive 5 
Staphylococcus albus, coagulase positive 

Staphylococcus albus, coagulase negative 

Alpha streptococcus 

Diphtheroids 

Aerobacter aerogenes 

Bacillus subtilis 

Paracolon bacillus 
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Of the organisms found from the bronchial mucus taken at bronchoscopy, 
Table III shows the relative effectiveness of the different antibacterial agents. 


TABLE III. RESULTS OF SENSITIVITY STUDIES ON BACTERIA IN BRONCHIAL Mucus OBTAINED 
AT BRONCHOSCOPY 


ANTIBIOTIC OR | % MODERATELY 
AGENT SENSITIVE SENSITIVE | % RESISTANT 
Chloromycetin 90 2 
Magnamyein 88 5 7 
Erythromyein 85 7 
Novobiocin 85 5 
Aureomycin 73 9 
Terramycin 65 24 
Tetracycline 62 7 21 
Penicillin 66 24 
Streptomycin 25 5 60 
Gantrisin 9 63 
Sulfadiazine 7 2 70 








Of the organisms recovered from the open bronchial stumps at surgery, 
Table IV shows the relative effectiveness of the different antibacterial agents. 


TABLE IV. RESULTS OF SENSITIVITY STUDIES ON BACTERIA IN BRONCHIAL Mucus OBTAINED 
FROM THE OPEN BRONCHIAL STUMP AT THORACOTOMY 








ANTIBIOTIC OR % HIGHLY % MODERATELY 

AGENT SENSITIVE SENSITIVE % RESISTANT 
Chloromycetin f 0 12 
Magnamycin 35 10 25 
Erythromycin 5 0 95 
Novobiocin 7 15 15 
Aureomyecin § 0 12 
Terramyein f 0 25 
Tetracycline é 10 15 
Penicillin 10 35 
Streptomycin 30 10 
Gantrisin 5 30 

Sulfadiazine 


5 
5) 


5 
5 


DISCUSSION 


From these data, it is obvious that the bacterial content of bronchial 
mucus differs, depending upon how it is collected. Those specimens of bron- 
chial mucus obtained at bronchoscopy uniformly grew bacteria, usually in 
mixed culture, whereas the mucus obtained through the open bronchial stump 
at surgery was sterile in 80 per cent of the 100 cases studied. 

It is suggested that the high incidence of positive cultures from the 
bronchoscopic specimens is due to the aspiration of saliva, high in bacterial 
content, into the normally sterile tracheobronchial tree. Such aspiration 
surely occurs as the result of reflex coughing initiated by the intratracheal 
instillation of the topical anesthetic agent. The possibility of pharyngeal 
mucus contaminating the bronchoseope during its passage is also to be con- 
sidered, although inserting the sterile bronchoseope directly into the trachea 
through a sterile laryngoscope still provided mucus which grew bacteria upon 
culture. 

It is possible that some of the positive cultures obtained from bronchial 
seeretions taken from the open bronchial stump at surgery were the result 
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of contamination from the anesthetist’s aspirating catheter during the practice 
of performing tracheobronchial toilet. This factor seems especially likely 
in at least two instances in our series in which the anesthetist had to do 
multiple tracheal aspirations and manipulate the endotracheal tube to resposi- 
tion it during the operation. 

The remaining 18 surgical patients, found to have bacteria in their bron- 
chial mucus, showed a high incidence of other complicating factors: 5 had 
sputum positive for tubercle bacillus on smear of sputum preoperatively; 3 
had bronchogenic carcinoma; 2 had bronechopleural fistulas preoperatively ; 
one had hemopneumothorax preoperatively, and one had an unusual bronchial 
anomaly. 

The remaining 7 patients with bacteria in the bronchial mucus had no 
known complicating factors. Their organisms were: two hemolytic Staphy- 
lococcus aureus; three diphtheroids; one alpha streptococcus and two Staphy- 
lococcus albus. 

There was no correlation between the level at which the mucus was ac- 
quired and the presence of bacteria. There were thirteen positive cultures 
from the fifty-seven lobar stumps, three positive cultures from the sixteen 
segmental stumps, two positive cultures from the seventeen pneumonectomy 
stumps, and two positive cultures from the 10 patients having more than one 


surgical stump. 


SUMMARY AND CONCLUSIONS 


1. The normal human tracheobronchial mucus lining is quite likely sterile. 


2. Various bronchopulmonary pathologie states favor the presence of 
microorganisms. 

3. Bronchial mucus obtained at bronchoscopy following topical anesthesia 
is likely to be contaminated, probably by aspirated saliva. 





NONOBSTRUCTIVE CONSOLIDATION-ATELECTASIS 
FOLLOWING THORACOTOMY 


Morris M. Culiner, M.D., Stanley B. Reich, M.D., and Jacob Abouav, M.D., 


San Francisco, Calif. 


cc . of the lung, secondary to obstruction by secretions of the tra- 
cheobronchial tree, is a common postoperative complication. Collapse of 
the lung occurring after thoracotomy, without obstruction of the tracheobron- 
chial tree, or massive pleural effusion or hemorrhage, is a very unusual compli- 


cation. 

In 1908, W. Pasteur! deseribed cases of massive lung collapse, and defined 
this as “total deflation of a large area of lung tissue, of sudden onset—in the 
absenee of any signs of obstruction of the airway or of any known cause of 
compression—due to failure of inspiratory power.” He referred to cases of post- 
diphtherie paralysis of the diaphragm and occasionally of the intercostal mus- 
cles and felt that the distending foree on the lungs became less than the elastic 
and muscular agencies which tend to cause its contraction, and so the affected 
portion of the lung rapidly empties itself of contained air. 

His evaluation of the patency of the tracheobronchial tree was, of course, 
largely on the basis of physical examination, since bronchoscopy was not ear- 
ried out. This paper initiated controversy and, in 1914, Elliott and Dingley* 
denied the possibility of collapse without bronchial obstruction. In support of 
this they stated: “The only possible explanation along these lines (collapse 
without bronchial obstruction) supposes the alveolar wall to have aetive con- 
tractile power like that of muscle, and this assumption finds no ground for its 
support in the faets of present physiological knowledge.” In the light of our 
present knowledge their tenets and objections are invalid. 

Churchill,* in a elassie paper published in 1925, discussed the etiology of 
pulmonary collapse and ascribed it to the result of two conditions, in varying 
degrees of importance in each case: (1) weakened force of respiratory muscle 
action as in debilitating diseases, myasthenia gravis, and trauma to the chest, 
aeeidental or operative, and(2) bronchial obstruction. 

Ile implied that the bronchial obstruction is a much more significant factor 
in lung collapse. He did, however, discuss a case of pulmonary infaretion, with 
a Pa Ras lr gg of Surgery and Radiology, Mount Zion Hospital and Medical Cen- 
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severe pleuritic pain, in which case lung collapse subsequently developed. In 
this patient, he felt that the bronchial obstruction was not a significant factor, 
but that inhibition by pain of respiratory muscle function was very important 
in the etiology of collapse. 

Thus, we coneur in the opinion that postoperative lung collapse, in the vast 
majority of cases, is due to obstructing secretions in the tracheobronchial tree. 
Our experiences, however, with several patients who, by bronchoscopic, radio- 
logic, and physical examinations, were proved not to have obstructing tracheo- 
bronchial secretions or other obstructing mechanisms have eonvineed us that 
the complication of nonobstructive pulmonary consolidation-atelectasis ean 
and does occur. We have also found references in the recent literature to cases 
of transitory lung collapse occurring postoperatively, without explanation for 
this collapse being offered. Once the physiologic basis for this complicaticn is 
appreciated more eases will be recognized. 

Without going into detail concerning the dynamics of respiration we will 
briefly discuss the basie factors responsible for pulmonary aeration. 

Aeration of the lung oceurs as a passive filling, through a patent tracheo- 
bronehial tree, in response to pleuroparenchymal pressure differentials that re- 
sult from an increase in the volume of the thoracic cage. The volumetric in- 
crease is secondary to the active factors of (1) descent of the diaphragm, and 
(2) elevation of the ribs and the sternum by the other muscles of respiration. 
Cessation of action of either factor usually can be compensated adequately by 
the other factor. 

Splinting, due to pain, of the respiratory exeursion of the thoracic wall is 
commonly seen in the period following thoracotomy, and may be essentially 
complete. Phrenic nerve paresis or severance may occasionally occur as a result 
of the operative dissection. When both inhibition of the thoracie wall excursion 
and phrenie paralysis follow a thoracotomy, passive lung aeration no longer 
oceurs and the lung collapses as air is absorbed. Under these circumstances, the 
tracheobronchial tree remains unobstructed. 

Summaries of several cases illustrative of this complication are presented. 


CASE REPORTS 


Case 1.—V. H., a 59-year-old white woman. This patient was admitted on Jan. 14, 


1957, for repair of an esophageal hiatus hernia. On January 15, a transthoracic repair was 
carried out utilizing a diaphragmatic counter-incision for traction-reduction of the herniated 
stomach. For several days following operation normal lung aeration was present. 

On January 19, there was a marked diminution in breath sounds over the left lower 
lobe. A roentgenogram made on January 20 (Fig. 1, 4 and B) revealed left lower lobe 


collapse. 

On January 21, bronchoscopy was done. No significant amount of secretion was found 
in the tracheobronchial tree. No improvement in aeration occurred postbronchoscopy. 

On January 23, a repeat x-ray film indicated continued collapse of the left lower lobe. 
Bronchoscopy was repeated. No secretions were present within the tracheobronchial tree. A 
widely patent left bronchus down to and including all segmental orifices was seen. 

On January 26, x-ray (Fig. 1, C) and fluoroscopic examinations revealed a fixed left 
diaphragmatic leaf and almost complete left lung collapse with mediastinal shift to the left. 
On Feb, 2, 1957, an x-ray film (Fig. 1, D) showed complete left lung collapse. 
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The patient had complained of severe incisional pain during the entire postoperative 
period. On February 4 and 7, intercostal nerve blocks were done to decrease the chest wall 
pain. The patient was instructed in breathing exercises. From February 4 to 11, there 


was spontaneous expansion of the left lung to the point of almost complete aeration, with a 


B. 


BP. 


Fie. 1—A and B, Roentgenograms made on 1-20-57 showing left lower lobe consolida- 
tion-atelectasis and mediastinal shift to the left. 

C, Posteroanterior view made on 1-26-57 showing almost complete left lung collapse. 

D, Posteroanterior view made on 2-2-57 showing complete left lung collapse, and marked 
mediastinal shift to the left. 
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return of the mediastinum to normal position. On Feb, 11, 1957, the patient was discharged 
home, Follow-up x-ray examinations and fluoroscopy were done on Jan, 14, 1958. The films 
showed complete ling expansion. Fluoroscopy revealed the central paralysis to be permanent ; 


there was some peripheral normal diaphragmatic function, 


Comment.—This was our first recognized encounter with this entity and we were at a 
loss to appreciate fully the factors involved. It was decided on Feb, 4, 1957, to employ 
intercostal nerve blocks to decrease the pain element and to relieve the chest wall splinting. 
With improved thoracie wall excursions and despite the permanent phrenic paralysis, spontane- 


ous aeration of the lung occurred. 

Lung collapse occurred here in the presence of a patent tracheobronchial tree. The 
left thoracic wall motion was markedly inhibited by pain. This, in association with the left 
diaphragmatic leaf paralysis due to the operative procedure, resulted in the two factors 


responsible for lung aeration being completely nullified. 


E. F. 

Fig. ..—Cont'd. EH, Posteroanterior view mace on 2-8-57 demonstrating re-aeration to be 
almost complete and a return of the mediastinal structures to normal midline position. 

F, This posteroanterior view made on 1-14-58 shows complete lung aeration. The left 
leaf of the diaphragm is higher than the right. 

CasE 2.—D. S., a 5-month-old infant. The second case preceded Case 1 but its com- 
plication was never understood at the time of occurrence and only clarified itself in retrospect. 

The infant was admitted on Noy. 1, 1954, with a tentative diagnosis of double aortic 
arch, After preliminary investigation, an exploratory thoracotomy was undertaken. At 
exploration on November 23, no anomaly was found but the mediastinal dissection was quite 
extensive. 

On November 24, the infant manifested severe respiratory distress. An x-ray film made 
on November 24 (Fig. 2, A) showed relatively good left lung expansion as well as normal 
right lung aeration. The degree of respiratory distress decreased but there was some per- 
sistence of the respiratory difficulty. The patient was discharged on Dec. 5, 1954, unfor 
tunately without further chest roentgenograms having been taken. 

The infant continued to have some respiratory distress at home and repeat x-ray exam- 
ination on December 15 (Fig. 2, B) demonstrated complete opacification of the left hemi 
thorax, with elevation of the left diaphragm, and mediastinal shift to the left. 











C. 


Fig. 2—A, This roentgenogram of 11-24-54, the first postoperative dé shows incom- 
plete left lung expansion and aeration. The t diaphragmatic leaf is slightly higher than the 
right. 

B, On 12-15 twenty-first postoperative day, the left hemithorax is completely opaque. 
There is mediasti shift to the left and elevation of the left diaphragm. 

: C, On 1-24-55, 2 months postoperative, the left lung remains opaque and shows asso- 
ciated mediastinal shift to the left Close view of the original roentgenogram showed the 
left bronchus to be patent and air containing down to segmental branches. 

D, This view made on 5-17-57, 7 months postope rative, demonstrates complete aeration 
and re-expansion of the left lung. The mediastinal structures and the left diaphragmatic 
leaf are in normal position, 
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The patient was readmitted on Jan. 6, 1955, for study. Fluoroscopy on January 7 
showed paradoxical movement of the left leaf of the diaphragm and indicated complete paraly- 
sis of the left leaf. ; 

Bronchoscopy on January 8 showed no significant amount of secretion in the left main- 
stem bronchus or trachea and only some edema of the mucosa. 

On January 15, bronchoscopy was repeated and showed no secretions plugging the 
tracheobronchial tree. 

Treatment could not be instituted since the cause of the consolidation-atelectasis of 
the lung with its resultant respiratory difficulty could not be elucidated. 

The patient was discharged on Jan, 27, 1955. At home, the patient gradually im- 
At this time an x-ray film of the chest 


proved. He was readmitted on Jan. 17, 1955. 
(Fig. 2, D) showed lung re-expansion and aeration to be complete and a return of the 
diaphragm to a normal lower level. On Sept. 7, 1956, fluoroscopy revealed normal diaphrag- 


matie mution. 

Comment.—This infant demonstrated consolidation-atelectasis secondary to diaphrag- 
matic paralysis. The factor of pain is of much less significance in the infant than in the 
adult postoperatively in limiting thoracic wall respiratory movement. Respiration in infants 
is largely a function of diaphragmatic movement, not of thoracic wall movement. The ribs 
in the infant are nearly horizontal at the end of expiration. Elevation of the ribs during 
inspiration is of minor degree. Aeration, therefore, is almost entirely a function of diaphrag- 
matic action with very little rib or sternal movement. Thus, this infant showed left lung 
opacification and no aeration as long as the diaphragm remained without function, and 
much beyond the period of splinting due to pain following thoracotomy. 

Case 3.—B. R., a 56-year-old white man, This patient demonstrated a coin lesion of 
the left upper lobe on x-ray examination on Sept. 9, 1957. The x-ray film at that time 
showed the left diaphragm and the mediastinum to be in normal positions. 

On September 11, a left upper lobectomy was done for carcinoma of the lung and the 
dissection entailed minimal mediastinal manipulation. On x-ray study of September 12 
(Fig. 3, 4), the left diaphragm was markedly elevated and the left lower lobe expansion was 
incomplete. There was some mediastinal shift to the left. 

There was a gradual decrease in respiratory sounds over the left hemithorax to the point 
of complete absence of vesicular sounds by September 20. The x-ray films at that time 
(Fig. 3, B) showed a completely opaque left hemithorax, further mediastinal shift to the 
left, and contraction of the hemithorax with continued elevation of the left diaphragmatic 
leaf. On September 23, fluoroscopy showed an immobile left diaphragmatic leaf. On the 
same day, bronchoscopy revealed a clear tracheobronchial tree with no mechanical obstruction 
of the left main-stem bronchus. There was no improvement following bronchoscopy. 

Thoracentesis, on Sept. 25, 1957, yielded about 400 ¢.c. of serosanguineous fluid, cer- 
tainly insufficient to be responsible to any extent for the complete left chest opacification. 

The patient was placed on vigorous breathing exercises at frequent intervals, stress 
being placed on voluntary left thoracic wall increase of respiratory excursion. 

An x-ray examination, on Oct. 5, 1957 (Fig. 3, C), showed relatively good lung expan- 
sion, although minimal fluid was still present above the left elevated diaphragm. Fluoroscopy 
and x-ray films, on Jan. 15, 1958 (Fig. 3, D), showed good diaphragmatic position and ex- 
cursion, excellent aeration, and a normal mediastinal position. 


Comment.—This case again demonstrated the entity of atelectasis-consolidation re- 
sulting from voluntary limitation of thoracic excursion in association with phrenic paralysis. 
Voluntary respiratory exercises and later return of phrenic nerve function lead to full left 
lower lobe expansion with descent of the diaphragm and a return of the mediastinum to 
normal position. 

Case 4.—J. L., a 38-year-old Negro man. On Dee, 18, 1957, this tuberculous patient had 
a left upper lobectomy and concomitant tailoring thoracoplasty with removal of ribs 2, 3, 
and 4 and stripping of the undersurface of rib 1. The dissection during lobectomy was 


exceedingly difficult. 
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: Fig. 3.—A, This roentgenogram made on 9-12-57, the first postlobectomy day, shows 

incomplete left lower lobe aeration, elevation of the left diaphragmatic leaf, and marked 

mediastinal shift to the left. 

. B, On 9-20-57, the ninth postoperative day, there was complete left lower lobe consolida- 

tion-atelectasis, marked mediastinal displacement to the left, and left diaphragmatic elevation. 
_C, On 10-5-57, left lower lobe re-aeration is good and there is partial return of the 

mediastinal structures to the right. 

; D, Thi iew made on 1-15-58 shows excellent left lower lobe expansion and good medias- 

tinal and diaphragmatic position. 
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Fig. 4.—A, This preoperative film of 11-6-57 shows tuberculous fibrocaseous disease of 


the left upper lobe, normal left diaphragmatic position, and slight mediastinal shift to the 
left. 


B, This film of 12-18-57, immediately after lobectomy and thoracoplasty, shows relatively 
good left lower lobe expansion and mediastinal position. 

C, On 12-1$ the first day postoperative, lung collapse is complete on the left, and the 
right heart border at the left margin of the vertebral column. 

D, On 12-22-57, the lung was completely collapsed, but the left bronchus and segmental 
bronchi can be clearly seen to be patent. Mediastinal shift to the left is marked. 
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An x-ray film immediately following surgery (Fig. 4, B) showed aeration of the left 
lower lobe, and the diaphragm to be in apparently normal position. Films of December 19 
(Fig. 4, B) and December 22 (Fig. 4, D) showed complete opacification on the left. The dia 
phragm cannot be elearly seen. The mediastinal shift to the left beeame more marked. 
Fluoroscopy on the fourth postoperative day, December 22, showed diaphragmatic paralysis 
on the left, which was confirmed and persistent on Jan. 13, 1958, and Feb. 23, 1958. The 
hard film of Dee. 22, 1957 (Fig. 4, D) showed the trachea and the left bronchus to be patent. 
No fluid was present in the pleural space at the time of this film. Bronchoscopy, later on 
this day, yielded very little secretion and the bronchus was widely patent down to and in- 
cluding all segmental orifices. No improvement resulted from bronchoscopy. Four days later, 
on the eighth postoperative day, Dec. 26, 1957, the left lower lobe showed slight aeration on 
x-ray examination. The x-ray examination of Feb. 5, 1958 (Fig. 4, F), showed excellent 
left lower lobe expansion, and a return of the mediastinal structures to the right, to their 
preoperative position, 


E. F. 

Fig. 4.—Cont’d. HEH, On 12-26-57, the ninth postoperative day, a little aeration was seen 
in the left lower lobe. 

F, On 2-5-58, the film shows excellent left lower lobe expansion and aeration and the 
mediastinal structures are in their preoperative position to the right. 

Comment.—The phrenic nerve was severed in this case. The removal of portions of 
ribs 2, 3, and 4 and transection of ribs 5 and 6 to permit a fifth interspace approach to the 
pleural space resulted in postoperative pain, marked splinting, and some paradoxical motion. 
This case demonstrated again consolidation-atelectasis following thoracotomy, not due to 
bronchial obstruction, but due to the loss of function of all the museles of respiration, dia- 
phragmatic, intercostal and accessory. 

With a gradual decrease in the splinting of the left chest and an increase in the fune- 
tion of the intercostal muscles in the later postoperative period, spontaneous re-aeration of 
the left lower lobe followed, despite permanent phrenic nerve loss. 


DISCUSSION 


In the presentation of these 4 cases, we demonstrate an operative complica- 
tion previously noted but not fully understood. We realize that the association 
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of limited chest wall respiratory excursions in the period following thoracotomy 
and phrenic paralysis occurs without resulting invariably in total collapse of the 
ipsilateral remaining lung. The response, however, of any ‘given patient to 
postoperative pain is an individual variable factor. Whereas all patients after 
thoracotomy show a decrease in the ipsilateral respiratory excursions, albeit un- 
consciously, the limitation varies as a voluntary restriction from a minimal 
to an absolute degree. 

The diagnosis of nonobstructive consolidation-atelectasis was established 
by radiologic and clinical evidence. 

1. All cases showed opacification of the hemithorax. It is of interest to 
note that the collapse occurred, not immediately after thoracotomy, but rather 
over a period of several days postoperatively. This suggests a slow process re- 
sulting from weakness of chest wall excursions with gradual collapse, as opposed 
to the rapid atelectasis that oceurs secondary to bronchial occlusion. 

2. Mediastinal shift was to the side of collapse. When spontaneous aera- 
tion occurred there was a return of the mediastinum to a more normal midline 
position in all eases. 

3. All patients showed a paralyzed diaphragmatic leaf. The paralysis was 
temporary in 2 eases, permanent in 2 eases. 

4+. The pateney of the major tracheobronchial tree was established by bron- 
choscopy in all cases during the period of collapse at a time when maximum 
opacification was demonstrated by x-ray examination. 

Bronchoscopy was done on one or two oceasions in each case and, in addi- 
tion, auscultatory examination of the chest one or more times each day in every 
case ruled out obstruction by secretions as the basis of collapse of the lung. 
In addition, the roentgenogram in 2 of these 4 cases showed relatively clearly 
patent major bronchial and segmental bronchial subdivisions in otherwise 
opaque collapsed pulmonary tissue. 

Certainly, some secretions are always produced by and lie within the minor 
bronchiolar subdivisions, and thus are beyond our point of vision by bronechos- 
copy and x-ray examination. To ascribe to these normal secretions obstructing 
powers is equivalent to stating that the immediate neonatal atelectasis is due to 
tracheobronchial obstruction by normal tracheobronchial secretions, rather than 
to the weakness of the inspiratory power of the neonatal muscles of respiration. 
When the muscles of respiration regained power of action, aeration of the lung 
occurred, despite the normal minimal secretions of the minor bronchiolar sub- 
divisions. 

In our experience, whenever postoperative atelectasis has resulted from ob- 
structing seerctions in the tracheobronchial tree, we have never failed to obtain 
immediate, physically detectable, and easily radiologically demonstrable im- 
provement in lung aeration. In the cases presented in this paper, we obtained 
no improvement following bronchoscopy and removal of the minimal secretions 
present in the tracheobronchial tree. It is inconceivable to us that lobar and 
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entire lung collapse can occur secondary to obstruction by secretions, without 
these secretions being present in the major tracheobronchial tree which is easily 
visualized by bronchoscopy. 

Thus, we conclude that these cases represent consolidation-atelectasis of 
a nonobstructive nature, due rather to paralysis of the ipsilateral muscles of 
respiration, diaphragmatic and intercostal. As previously stated, the phrenic 
paralysis was confirmed in all cases and was permanent in 2, and inhibition by 
pain of the intercostal muscle action was marked in all but the infant. 

Therapy must be directed to counterbalancing the factors responsible for 
the lung collapse. The phrenic paralysis cannot be altered. We can reduce 
the voluntary ventilatory restrictions by intercostal nerve blocks, by respiratory 
exercises, and by the use of an intermittent positive pressure machine. We 
have considered the use of endotracheal intubation and insufflation. All these 
methods will be further investigated. 

When, in the postoperative period, there is a failure of the ipsilateral lung 
to become, or to remain, expanded and obstruction is not present, one might 
ordinarily consider re-exploration on the assumption that the residual lung col- 
lapse resulted from torsion of the pulmonary pedicle or vascular thrombosis. 
That, however, should not be done until this syndrome of nonobstructive 
consolidation-atelectasis has been ruled out by bronchoscopy, fluoroscopic 
examination of diaphragmatic action, and observation of the degree of respira- 
tory excursion of the ipsilateral thoracic wall. 


SUMMARY 


We present case demonstrations of a complication that follows thoracotomy, 
resulting from the elimination of the two active factors responsible for pul- 
monary aeration. This complication of lung consolidation-atelectasis results 


from phrenie paralysis in association with restriction by pain of the respiratory 
excursions of the thoracie wall, and despite a clear tracheobronchial tree. Ther- 
apy has been discussed and further possible methods of treatment suggested. 
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EMERGENCY THORACOTOMY FOR MASSIVE SPONTANEOUS 
HEMOPNEUMOTHORAX _ 


John R. Rydell, M.D., Santa Barbara, Calif. 


[* RECENT years, several cases have been reported of severe hemorrhage into the 
pleural space associated with spontaneous pneumothorax. Traditionally it 
has been well-aeceepted policy to treat spontaneous pneumothorax in a conserva- 
tive manner. This has varied from simple observation for the less severe eases, 
to intermittent needle aspiration or even continuous suction on a cather placed 
into the intrapleural space. Occasionally intrapleural bleeding wil be asso- 
ciated with spontaneous pneumothorax, but ordinarily this volume of blood 
loss is not sufficient to cause concern. It is not unusual to aspirate a modest 
amount of blood at the time of thoracentesis for removal of air. In the past 7 
years, sporadic reports have begun to appear in the literature regarding a more 
ageressive attack on occasional severe cases of hemopneumothorax. It is the 
purpose of this paper to emphasize the fact that the problem of such bleeding is 
not always of minor degree. Under certain selected circumstances an emergency 
thoracotomy may be necessary to stop hemorrhage, which otherwise would con- 
tinue unabated and finally cause death. Reeently, we have treated such a patient, 
and believe that a policy of earlier operation might have contributed to a more 
satisfactory result. Wider recognition of the importance of this potentially 
grave condition may save other lives. 


CASE REPORT 


The patient, a 55-year-old printer, was admitted to the Cottage Hospital at 6:10 A.M. on 
Dec. 18, 1957. He had evidently been in good health until about 10 days before his hospital 
admission, when he developed what he considered to be influenza with mild fever for 2 or 3 
days but with a persistent rasping cough since the onset. About 3:00 A.M. on the day of ad- 
mission, he was awakened by a spell of coughing which was terminated by the occurrence of a 
widespread pain across the entire precordium, most marked in the left mammary area. He 
grew progressively more dyspneie following this, and was brought to the hospital with a 
presumptive diagnosis of an acute coronary occlusion. On examining the patient after hos- 
pitalization, it was obvious that the respiration involved a marked lag in the left hemithorax. 
There was a hyperresonant note to percussion and there were absent breath sounds over the 
entire left lung. He was ashen gray in color and was perspiring heavily. The blood pressure 
was 110/70 mm. Hg. The diagnosis was then made of acute pneumothorax and_ portable 
x-ray studies confirmed this fact, revealing almost complete collapse of the left lung. There 
was evidence of pleural fluid at the left base. The mediastinum was shifted to the right side 
producing considerable compression of the right lung. An electroeardiogram was interpreted 
as showing a coronary insufficiency pattern. 

From the Department of Surgery, Cottage Hospital, Santa Barbara, Calif. 

Received for publication June 30, 1958. 


382 





Volume 37 MASSIVE SPONTANEOUS HEMOPNEUMOTHORAX 383 


Number 3 


Later in the morning under local anesthesia, 450 ¢.c. of air was aspirated from the left 
chest with immediate subjective improvement. Early in the afternoon of December 18, the 
dyspnea increased once again, the blood pressure dropped, and the pulse increased to 160. 
Another thoracentesis was done with the removal of about 1,000 ¢.c. of air and a small 
amount of blood. He was seen late that night and at that time his condition was still rather 
poor, despite the performance of water-seal drainage of the left pleural space with a large 
rubber eatheter. Blood transfusion was begun at 5:00 P.M. because of the persistence of 
shock and, following one pint of blood, his blood pressure rose to 100/80 mm. Hg. During 
the night he received 1,500 ¢.c. of blood and his blood pressure fluctuated from 74/50 to 
100/74 mm. Hg. 

X-ray studies on the morning of December 19 revealed a persistent collapse of the left 
lung, with pronounced shift of the mediastinum to the right. There was an increase in the 
density and pleural effusion on the left side from December 18 to December 19. The patient’s 
hemoglobin on admission was 8.4 Gm., with a hematocrit of 29. Later in the day the 
hemoglobin had risen to 12.8 Gm. and the white count was 16,800. The following morning, 
December 19, the hemoglobin had fallen to 9.0 Gm. despite the four pints of blood which had 
been given. At that time there was a great deal of blood oozing through and around the 
intercostal catheter. Because of the persistence of shock and obvious hemorrhage it was 
decided to perform a thoracotomy. This was done at 10 A.M. on December 19, about 30 
hours after the onset of his illness. During and after his operation he received five more pints 
of blood, making a total of nine pints. 

At the time of thoracotomy, a complete collapse of the left lung was encountered with a 
tension hemopneumothorax due to a ruptured bleb of the left upper lobe of the lung with 
bleeding from the parietal pleura. The lung was re-expanded, about 2,000 ¢.c. of liquid and 
clotted blood evacuated from the chest, and the bleeding point controlled. We also performed 
a partial left upper lobectomy in order to resect a clump of bullae, one of which had ruptured 
to initiate his acute illness. All of the bleeding seemed to be coming from the apex of the 
parietal pleura, at the site of a torn adhesion. 

The patient was admitted to the post-anesthesia room at noon, and at that time the 
blood pressure was 150/80 mm. Hg, the pulse 120, and he was in much better condition. His 
progress was very satisfactory for about 3 hours, at which time he began to develop a large 
amount of tracheal mucus associated with a noisy respiration. Despite continuous oxygen 
therapy, the pulmonary edema progressed to the point where dyspnea became severe. At 
4:02 p.M. he became very cyanotic, and quietly died at 4:05 p.m. 

The autopsy report confirmed the presence of pulmonary emphysema with a ruptured 
emphysematous bleb at the apex of the left upper lobe and hemopneumothorax. The cause of 
death was listed as arteriosclerotic heart disease and pulmonary edema. 


DISCUSSION 


A summary of the colleeted cases of emergency thoracotomy for spontaneous 
hemopneumothorax is presented in Table I. 


There have been over 150 eases of spontaneous hemopneumothorax reported 
in the literature. Approximately 90 per cent are in males and only about a 
dozen are reported in females. Both sides of the chest are equally involved. 
Most patients have been treated conservatively and comparatively few have 
come to thoracotomy. In the past, hemopneumothorax has been associated with 
approximately a 20 per cent mortality, indicating that the bleeding adds greatly 
to the risk of a simple pneumothorax. However, it is probable that many less 
severe eases of hemopneumothorax have gone unreported, so perhaps this mor- 
tality pereentage is unduly pessimistic. Most of the deaths from hemopneu- 
mothorax tend to occur within 48 hours after the acute onset of the pneumo- 
thorax. 
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Usually the pneumothorax is the initiating factor and the hemothorax may 
not become evident until some days later. Indeed, Powell' has stated that 
some degree of bleeding occurs in 12 per cent of all eases of pneumothorax. 
Others (Hyde and Hyde’), however, have reported a much lower ineidenee in 
the range of 3 to 5 per cent. In any event, the frequeney of associated bleeding 
in pneumothorax is high enough and of sufficient danger that it should always 
be kept in mind as a potentially serious complication. It must be regarded 
with as much respeet as other forms.of internal bleeding such as that from 
peptie uleer. The same fundamental principles apply to both, namely, that 
conservatism is proper if the patient can be kept under control by rest, blood 
transfusions, and other medieal therapy, but if the hemorrhage does not seon 
cease and if the patient shows signs of massive bleeding, early surgery must 
be advised. . 

Clyne and Hutter’? have advocated thoracotomy as the treatment of choice 
for all eases, believing that the risk is less even in the early cases. It is true 
that convalescence may be prolonged even when the bleeding spontaneously 
ceases. The clotted blood is often difficult to aspirate from the chest despite 
the aid of enzymatie débridement, and a clotted hemothorax is likely to lead 
to a failure of the lung to expand. In certain less fortunate cases, it may be 


neeessary to resort to pulmonary decortication to correct an otherwise chronically 


disabling pulmonary compression. 

The similarity of the pathogenesis in most severe instances of hemopneu- 
mothorax is remarkable. The source of air eseape is usually a ruptured bulla or 
bleb, whieh causes the adherent lung to tear small adhesions between the 
visceral and parietal pleura. These are generally located between the upper 
lobe and the very apex of the pleural eavity. One should not be lulled into a 
false sense of security by believing that the bleeding will cease spontaneously 
sinee it may originate from the pulmonary vessels with their associated low blood 
pressure. In nearly all patients operated upon, the bleeding point has been 
shown to arise from vessels of the systemie cireulation, lving in the chest wall 
under the parietal pleura. It is interesting to observe the massive aceumula- 
tion of blood which can oceur despite a relatively slow ooze from the bleeding 
point on the parietal pleura. Often electrocoagulation and packing with oxidized 
cellulose will be sufficient to stop the bleeding. The operation itself should not 
take long to perform, and many of these patients will improve during the surgery 
and leave the operating table in much better condition than upon arrival. 

Cases have been recently reported in which patients have died of hemor- 
rhage, when thoracotomy with surgical control of the bleeding point would 
probably have averted such tragedies. When a patient continues to bleed ac- 
tively for at least 24 hours, it would appear that the safest procedure is to 
perform thoracotomy. Although it was a bitter disappointment to have the 
patient die, it must be remembered that he was by far the oldest patient recorded 
with severe spontaneous hemopneumothorax. It follows that his heart and 
lungs were less able to withstand the shock of a massive hemorrhage. 
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SUMMARY 


Signifieant bleeding into the pleural space is associated with spontancous 
pneumothorax in from 5 to 10 per cent of eases. The mechanism of the hemor- 
rhage is usually a ruptured bleb or bulla at the apex of the lung. The resulting 
lung collapse tears pleural adhesions, and starts bleeding from the parietal 


pleura. 


In most instances such bleeding will cease spontaneously with appropriate 


conservative therapy. Occasionally it will persist and may cause a fatality un- 
less controlled by open thoracotomy. Such a case has been presented. 


A plea is made for a more aggressive surgical attack on this problem. 
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MASSIVE HEMOTHORAX CAUSED BY AN 
INTRATHORACIC MENINGOCELE 


A Case Report 


Hugh E. Wilson, M.D., and Richard W. Ernst, M.D., Dallas, Texas 


. 


HE TRIAD of neurofibromatosis, kyphoscoliosis, and intrathoracic menin- 
El igsnllees has been recognized in the literature. Our purpose is not just to 
add the thirteenth case to this increasing series, but to underline a heretofore 
unreported complication of this lesion which would indicate that intrathoracic 
meningocele is not always a ‘‘benign lesion’’ and that massive hemorrhage 
may be a constant danger. 


CASE REPORT 


This 43-year-old Negro man arrived at the emergency room of Parkland Memorial 
Hospital on April 16, 1957, complaining of left anterior chest pain of one day’s duration, 
chills, fever of 100° F., fatigue, and general malaise. During the past few hours he had 
noted increasing dyspnea. 

Past history was essentially noncontributory. The obvious generalized neuro- 
fibromatosis and marked kyphoscoliosis of the thoracic spine had been present since early 
childhood. During a hospital admission 4 years previously for an otitis media, one of 
the skin lesions was biopsied and the diagnosis confirmed. There was no history of neuro- 
logical dysfunction. 

Physical examination revealed an acutely ill patient; blood pressure 90/70 mm. Hg, 
pulse 100, respirations 36. There was obvious neurofibromatosis. The left hemithorax was 
dull to percussion. Breath sounds were absent over the left base and greatly diminished 
over the apex. There was marked tenderness over the left lower chest wall and the pa- 
tient complained of increased pain during deep inspiration. Heart sounds were normal. 
The mediastinum was shifted to the right. 

X-ray studies of the chest revealed opacity of the left chest and confirmed shift 
of the mediastinum to the right (Fig. 1). 

Aspiration of the pleural fluid revealed it to be frank blood which did not clot with 
a hemoglobin concentration of 9 Gm. per cent. The patient’s circulating blood hemo- 
globin was also 9 Gm. per cent. Two thousand and four hundred milliliters of blood were 
aspirated from the left chest. The patient was transfused with 1,500 ml. of whole blood 
with prompt improvement. Repeat roentgenograms of the chest revealed a completely 
re-expanded lung. There remained only a mass in the left vertebral gutter at the level 
of the lower thoracic spine (Fig. 2). 
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Laminagrams in the anterior-posterior and lateral projections were made on April 
24, 1957 (Fig. 3). They suggested an extrapleural origin of the tumor. The mass could 
not be separated from the aorta in either plane. The following differential diagnosis was 
proposed: (1) aneurysm of the descending thoracic aorta; (2) neurofibroma, intrathoracic, 
with malignant degeneration; (3) spontaneous hemothorax with encapsulated residual 
hematoma; (4) the remote possibility of a bronchogenic carcinoma. 

Preparation for surgery included making available an aortic graft and a Polyvinyl 
sponge prosthesis for bypass. The lesion was approached through a left thoracotomy. 

Upon opening the chest, fibrinous deposits were noted over the visceral and parietal 
pleura, especially in the vertebral gutter. The mass consisted of a subpleural meningocele, 
with a thick fibrinous covering, which protruded into the chest through a vertebral 
foramen at the hemivertebra. During the early stages of dissection, profuse venous and 
arterial bleeding came from the vessels tented over the tumor. Before dissection was con- 
tinued, the center of the mass was aspirated with a needle and clear fluid consistent with 


Fig. 1.—Posteroanterior roentgenogram of chest on admission showing massive left hemothorax 
and shift of mediastinum to the right. 


spinal fluid was obtained. The vessels, vertebral and intercostals, were so fragile in the 
organizing hematoma, it was impossible to clamp them. Suture ligatures deep in the ad- 
joining tissue were required for hemostasis. Several of the vessels broke off at the aorta 
and arterial silk was used to suture the aorta. The meningocele was dissected down to 
its neck. It was then opened to rule out a myelomeningocele. The spinal cord was seen 
in the canal but did not protrude into the sac. 

The sac was amputated at the neck, and the neck was closed, top over bottom, 
with two layers of interrupted silk sutures. No spinal fluid leakage was noted. Hemo- 
stasis was completed. The chest was drained to an underwater seal and closed. 

The postoperative convalescence was completely uneventful. There was no accumu 
lation of fluid in the chest. The lungs were fully expanded. Repeated examinations, in 
cluding a 3- and 6-week postoperative follow-up study, revealed no neurological signs of 
any kind. The patient has resumed full activities. 
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Fig. 2.—A, Posteroanterior x-ray of chest after aspiration of blood showing mass in 
ft costal vertebral sulcus behind cardiac silhouette (arrow). 

B, Left lateral x-ray of chest showing persistent mass overlying aorta and vertebral 
odies (arrows). 
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Fig. 3.—Lateral laminagrams of chest demonstrating (A) the mass (arrows), and (B) the 
hemivertebra (arrow) at the level of the origin of the meningocele. 
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DISCUSSION 


This case appears to be unique in the literature because of the severe 
hemorrhage. A ruptured aneurysm was the primary diagnosis since the mass 
could not be separated from the descending thoracic aorta by roentgenographic 
studies. The threat of another, possibly fatal, hemorrhage was one of the 
main reasons for exploration. The correct diagnosis was not made prior to 
surgery. 

Although the vessels over the meningocele had undoubtedly been made 
more friable by the early organizing hematoma which surrounded them, they 
had the thin-walled characteristics of vessels surrounding meningoceles in 
other locations. 

The cause of the sudden hemorrhage might be explained by a sudden 
increase in intraspinal pressure and consequent expansion of the meningocele 
during sneezing or coughing, resulting in the rupture of one of these friable 
vessels. One of the patients in the 3 cases reported by Byron, Alling, and 
Samson* died of eardiae arrest following massive hemorrhage at surgery 
confirming the potential danger of hemorrhage from the vessels around these 
lesions. 

Nanson"™ reviewed the literature on intrathoracic meningocele, analyzing 
the published cases according to age, sex, type of lesion, and whether or not 
there was concomitant Von Recklinghausen’s disease. Cases without neuro- 
fibromatosis and kyphosocoliosis are uncommon as shown by Sears, Clayton, 
and Siebel." 

Among the 27 eases collected by Nanson there were 3 eases® ** ** in which 
treatment and results of treatment were unknown. Six patients were not 
treated,® *® 73 15-17 with one death and unknown results in 5. One patient,** 
a 7-week-old infant, had progressive respiratory distress because of the size 
of the tumor and died before treatment could be started. There are an addi- 
tional 7 patients treated with procedures other than excision.* * *% 1% 2% %8 
Eleven patients were treated by excision.’ * * % 7 8: 14: 14, 21, 22 

The results were as follows: in the 7 patients whose treatment was other 
than excision there were 4 deaths, 2 living, and unknown outcome in one. 
Among the 11 patients treated by exision there were two surgical deaths as 
a result of a complicating empyema. Ours brings the total to 12 cases treated 
by excision, 10 successfully so. We realize that the total series of cases is 
small, but it seems obvious that excisional therapy yields the best results. 


SUMMARY 


An unusual ease of the rather rare triad, von Recklinghausen’s disease, 
kyphoscoliosis, and intrathoracic meningocele, is presented. This case dis- 
tinguishes itself from other reported cases of intrathoracic meningocele by the 
development of a sudden, massive hemothorax. The possible differential 
diagnosis and the therapy are presented. 

A summary has been made of all previously reported eases of intrathoracic 
meningocele as to therapy and results. Although the total series is small, it 
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would seem that excision is the best mode of therapy and may avoid the serious 
complication of massive hemorrhage. 
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MEDIASTINAL CYST WITH ESOPHAGEAL COMMUNICATION 


George A. Higgins, M.D.,* Kansas City, Mo. 


a CYSTS constitute a significant number of the lesions of the 
mediastinum which are correctable by surgical excision.” * 1° Most of 
these cysts are of congenital origin, although there is considerable difference 
of opinion concerning their pathogenesis as evidenced by the variety of labels 
which have been attached to these interesting lesions: ciliated epithelial 
eysts, reduplication cysts, esophageal cysts, foregut cysts and, most commonly, 
bronchogenic cysts. Recently, attention has been redirected to the embry- 
ologic development of the lower respiratory tract in an effort to explain the 
appearance of aberrant bronchopulmonary tissue in various locations and es- 
pecially to explain the appearance of aberrant pulmonary tissue having a 
systemic blood supply, the so-called intralobar sequestration.* * Embry- 
ologically, the lower respiratory tract first becomes apparent at an ovulation 
age of approximately 24 days at which time a thickening develops in the 
ventral wall of the foregut. This thickening rapidly develops into a bulge 
which then divides into right and left lung buds, and the respiratory portion 
of the foregut is separated from the esophageal portion by lateral ingrowths 
of the surrounding mesoderm to form a tracheoesophageal septum.’ During 
this process of development, nests of cells may be sequestrated from either 
the foregut or the primitive respiratory tract and develop subsequently into 
isolated cysts. Some of these are carried into the substance of the pulmonary 
tissue and appear as bronchogenic cysts of the lung. Others retain close as- 
sociation with the esophagus proper, and yet others remain as isolated cysts 
of the mediastinum." ® To some degree, these cysts may be regarded as con- 
genital tracheoesophageal fistulas which have become detached from the 
trachea and esophagus and have become closed off at each end. 

Although there is general acceptance of the above explanation of the 
embryologie origin of cysts occurring in the substance of the lung or in close 
association with the lung or bronchial tree, there is some suggestion that 
cysts in close association with the esophagus may originate directly from 
the embryonic esophagus. Since the esophagus is lined by ciliated columnar 
epithelium at one phase of development, the presence of such lining in the 
adult cyst does not rule out such a mode of origin.? Many of these eysts 
have a wall consisting of two layers of smooth muscle and are devoid of ear- 
tilage, suggesting further the possibility of reduplication from the esophagus. 
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Since both esophagus and trachea develop from a common anlage, the em- 
bryonic foregut, it seems probable that both esophageal and bronchogenic 
cysts may result from the separation of nests of cells during the division of 
the foregut into esophagus and tracheobronchial tree. There is, therefore, 
some basis for retaining the term “foregut cyst” since it describes both the 
adult morphology and the embryonic origin of these lesions. 

Characteristically, the lining membrane of these cysts consists of pseudo- 
stratified columnar ciliated cells although squamous epithelium may be 
present, particularly in cysts closely associated with the esophagus. The wall 
is usually made up of smooth muscle, and cartilage is often present. The 
lumen is filled with a grayish-white, thick, mucoid material. When these 
cysts are closely associated with the tracheobronchial tree, a communication 
with the trachea or bronchus may occur, although this is rare. Even when 
closely associated with the esophagus, however, these cysts are said never to 
communicate directly with the lumen of the esophagus.’ The following case 
is considered to be of interest for three reasons: first, there was a well-defined 
communication between the lumen of the esophagus and the cyst so that the 
cyst appeared grossly as a large diverticulum of the mid-esophagus; second, 
the epithelial lining of the cyst was composed alternately of stratified squa- 
mous epithelium and pseudostratified ciliated columnar epithelium; and third, 
this patient is of interest because of his age at the time of removal of the 
cyst. 


CASE REPORT 


W. J., a 64-year-old Negro man, entered the Kansas City Veterans Administration 
Hospital on Aug. 19, 1954, because of pain in the right lower costal region. There was 
also a history of a 20-pound weight loss during the preceding year, and the patient stated 
that he was having difficulty in swallowing. Except for evidence of a moderate weight 
loss, physical findings were noncontributory. Laboratory findings were within normal 
range except for a moderate hypochromic anemia and a slight elevation of serum amylase. 
From available records it was learned that a large cystic mass had been present in the 
posterior mid-mediastinum as long ago as 1935, The patient had been seen at various 
Veterans Administration Hospitals since that time because of other complaints; however, 
the mediastinal mass had apparently not interfered with his well being. Roentgenograms 
in various projections showed a cystic mass, measuring 14 by 10 ecm., in the mid- 
mediastinum. There was a definite fluid level, and communication with the esophagus 
was present as evidenced by barium in the cyst following barium swallow (Fig. 1). The 
cystic structure lay mostly to the right of the midline and there was deviation of the 
esophagus posteriorly and to the left. Esophagoscopy showed deviation of the esophagus 
to the left and, 31 em. from the upper teeth, the lumen of the cyst on the right wall of 
the esophagus could be seen. This lumen was of sufficient size to pass the esophagoscope 
into the cyst for aspiration of a large amount of undigested putrified food. Because of 
the evidence of superimposed infection, as well as the progressive weight loss and anemia, 
operative removal of the cyst was recommended. 

Operation was carried out on Sept. 14, 1954. <A standard right posterolateral 
thoracotomy was used, entering the pleural space through the bed of the sixth rib. The 
pleural space was relatively free of adhesions. By retracting the right lung forward, 
the cyst could be seen as it protruded into the right pleural space behind the hilum of 
the lung, The mediastinal pleura overlying the cyst was incised and the cyst was found 
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to lie immediately below the carina, between the right and left main-stem bronchi and 
slightly posterior. Considerable difficulty was encountered in dissecting the cyst from 
the surrounding mediastinal structures, particularly the right pulmonary veins. When 
the cyst had been completely dissected from the surrounding structures, the wall was 
opened and a connection approximately 1.25 em, in diameter was found between the cyst 
lumen and the esophagus (Fig. 2). The neck of the cyst was amputated and the. resultant 


Fig. 1.—Roentgenograms showing cystic mass with fluid level in mid-mediastinum. Distortion 
of the esophagus and barium in the cyst are demonstrated in the lateral view. 


Fig. 2.—Photograph taken at operation showing the dissected cyst and stalk which communi- 
cated with the esophagus, 
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Fig. 3.—Photomicrographs of cyst lining showing both stratifled squamous epithelium and 
pseudostratified ciliated columnar epithelium. 
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opening in the esophagus closed with interrupted sutures of fine silk, so tied that the 
knots were on the inside of the lumen of the esophagus. A second layer of mattress 
stitches through the esophageal muscularis was placed for reinforcement. The pleural 
space was flushed with saline and a tube placed in the eighth interspace for water-seal 
drainage. The chest wall was closed in layers. The postoperative course was uneventful 
and the patient was dismissed from the hospital 4 weeks following the date of operation. 
He has had no difficulties since operation and was last seen Nov. 27, 1957, for a follow-up 
study. 

The specimen consisted of a cystic structure measuring 15 em. in diameter. The 
cyst wall was composed of a pink-gray, hemorrhagic, glistening smooth epithelium with 
one area of ulceration, approximately 1 em. in greatest diameter. Microscopically (Fig. 3), 
the epithelial lining of the cyst in part consisted of a thickened acanthotic stratified 
squamous epithelium showing little keratinization and morphologically similar to that 
ordinarily lining the esophagus, In other areas, however, the epithelium was papillary 
and consisted of tall columnar ciliated respiratory-type epithelial cells. In areas there 
were numerous mucous-type glands the ducts of whith were lined with tall columnar 
ciliated cells. The cyst wall was composed of dense collagenous fibrous tissue, with oc- 
easional small straplike bundles of smooth muscle, Prolonged search of many sections 
failed to disclose the presence of cartilage. There were no gastric or intestinal-type 


glands present. 


SUMMARY 


The case of a 64-year-old Negro man, having a large cyst of the mid- 
mediastinum with direct communication with the mid-esophagus, is presented. 
The epithelial lining of the cyst consisted alternately of squamous epithelium 
and pseudostratified ciliated columnar epithelium of the respiratory type. 


The unusual feature of this case is the communication between the esophagus 
and the cyst. Such a communication might possibly have resulted from spon- 
taneous drainage of the cyst into the esophagus rather than from an embryo- 
logic communication. A survey of the literature fails to reveal other instances 
of such a communication between the esophagus and a mediastinal cyst of this 
type. 
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ADENOCARCINOMA OF THE MIDDLE THIRD OF THE 
ESOPHAGUS ARISING FROM ECTOPIC 
GASTRIC MUCOSA 


Raul A. Armstrong, M.D.,* John B. Blalock, M.D., and 
G. M. Carrera, M.D., New Orleans, La. 


DENOCARCINOMA of the esophagus is rare, being encountered less often than 

the epidermoid or squamous-cell type. It usually involves the lower third 

of the organ, where it is not always possible to differentiate the lesion from a 

primary tumor of the stomach. Adenocarcinoma of the middle or upper third 

of the esophagus is even rarer. The following case of adenocarcinoma of the 

middle third of the esophagus, originating from mucosa of the gastrie type that 
completely lined the esophagus, is presented because of its rarity. 


CASE REPORT 


A white man, 55 years old, came to the Ochsner Clinic on Dee. 5, 1957, because of 
difficulty in swallowing. The only abnormality on complete physical check-up at this institu- 
tion in 1953 was asymptomatic gallstones, which were demonstrated roentgenographically. 
Three months before admission, the patient began to experience difficulty in swallowing solid 
foods. This became progressively worse until, on admission, he could swallow only liquids. 
He had lost 8 pounds since the onset of this illness. He had not suffered from coughing, 
vomiting, or regurgitation of undigested food. 

The only significant physical finding was poor expansion of the chest secondary to early 
rheumatoid spondylitis. Masses could not be palpated in the neck or abdomen. On roent- 
genologic examination of the gastrointestinal tract (Fig. 1, A), a constricting lesion of 
the midesophagus and an associated esophageal hiatal hernia with about two inches of stomach 
above the diaphragm were demonstrated. In view of these findings, the patient was hos- 
pitalized for further studies. 

On esophagoscopy a constricting lesion was seen 28 em. from the upper incisors; it 
was nodular, pale, friable tissue that bled easily. The tissue taken at this level by biopsy 
was reported as adenocarcinoma. No obvious metastatic lesions were found on thorough 
evaluation of the patient for operation. 

On Dee. 19, 1957, esophagectomy was done through a right anterior lateral incision at 
the level of the third intercostal space and an upper abdominal midline incision. The tumor 
was found at the middle third of the esophagus at the level of the bifurcation of the trachea. 
The esophagus was excised from a point about 5 em. above the tumor down through the 
cardia of the stomach. After a Heineke-Mikulicz type of pyloroplasty was performed, the 
stomach was delivered through the enlarged hiatus and esophagogastrostomy was performed 
at the level of the apex of the right pleural cavity. 
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The postoperative course was complicated by minor separation of the cutaneous edges 
at the upper portion of the abdominal wound on the tenth postoperative day, and sub- 
sequent infection after secondary closure, which subsided after drainage and local application 
of bacitracin. Jaundice developed on the thirtieth postoperative day. This was diagnosed 
as homologous serum hepatitis which responded satisfactorily to therapy. Otherwise, the 
patient did well, tolerating feedings after the sixth postoperative day. Roentgenologic exam- 
ination of the gastrointestinal tract on the eleventh postoperative day showed satisfactory 
anastomosis with prompt emptying of the stomach (Fig. 1, B). On discharge from the hospital 
the patient was on a regular diet, eating three meals a day. 


A. B. 


ve 


1.—A, Preoperative roentgenogram of the esophagus reveals a constricting lesion 
of the midesophagus with pronounced decrease in the size of the lumen. 


B, Postoperative roentgenogram reveals the esophagogastrostomy located near the level 
of the sternoclavicular joint. There is an adequate lumen with prompt passage of the barium 
into the stomach. 


The excised specimen consisted of a portion of esophagus measuring 15 em. in length 
in the fixed state. Approximately 1.5 cm. from the proximal end there was an ulcerated 
lesion that extended for 3.5 cm. in longitudinal direction and completely encircled the 
esophagus (Fig. 2, 4). It had irregular shallow borders. On section (Fig. 2, B), there 
was granular, firm, whitish tissue which appeared to penetrate the mucosa and superficial 
portion of the muscularis, but which grossly did not appear to penetrate throughout the 
adventitial tissues. 

Microscopically, the lesion was malignant (Fig. 3). It was composed of atypical 
glandular structures lined by cuboidal cells with hyperchromatice nuclei and moderately abun- 
dant cytoplasm. In many areas, the glandular structures were extremely small and surrounded 
by abundant fibrous stroma. In other areas, they were slightly larger and actively invading 
the superficial portions of the muscular coat. In none of the sections did the tumor extend 
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throughout the adventitia. The remainder of the specimen contained glandular mucosa of 
gastric type with no parietal cells. There was no evidence of the normal esophageal strati- 
fied squamous epithelium (Fig. 3). There was no evidence of metastasis in the regional 


lymph nodes. 


DISCUSSION 


Incidence.—The first ease of adenocarcinoma of the esophagus was reported 
by White in 1898, according to Carrie. In a review of the medical literature 
in 1900, Hewlett? was able to find only 6 eases, all of which were located in the 
lower third. More recently, Smithers* reported 26 cases of adenocarcinoma 
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Fig. 2.—A, Photograph of open specimen, after fixation, which reveals the tumor near the 
upper border of the specimen (left side of the illustration). 

B, Photograph of side view which reveals the tumor extending through the entire thick- 
ness of the wall but not involving the adventitia. 


among 314 primary tumors of the esophagus seen at the Royal Marsden Hos- 
pital between 1936 and 1951, an incidence of 8 per cent. Puestow, Gillesby 
and Guynn,‘ in 1955, reported a 10 per cent incidence of adenocarcinoma among 
603 eases of carcinoma of the esophagus encountered during a period of 23 
years at the Veterans Administration Hospital in Hines, III. 

The earlier reports included adenocarcinoma of only the lower third of 
the organ. The more recent reports, however, include adenocarcinomas in the 
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middle and upper thirds. In 1939, Feldman’ reported a ease of an adenocar- 
cinomatous polyp of the upper part of the esophagus and, in 1949, Carrie’ re- 
ported what appears to be the first case of an adenocarcinoma of the upper end 
of the esophagus arising from a patch of ectopic gastric epithelium. He re- 
viewed 19 other cases of esophageal adenocarcinoma seen in his department 


Fig. 3.—Upper, Photomicrograph of section through the upper border of the tumor 
reveals (A) a malignant neoplasm composed of atypical glandular structures lined by cuboidal 
cells with hyperchromatic nuclei. B, Mucosa of gastric type is seen at the border of the tumor. 

Lower, Photomicrograph of section through the wall of the esophagus at some distance 
from the tumor reveals mucosa of gastric type. No squamous-cell type of epithelium is 
seen lining the esophagus. 
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during a period of 15 years, all of which were in the lower end. In 1956, 
Smithers*® described one case of adenocarcinoma in the upper third and 3 eases 
in the middle third of the esophagus, among 23 cases of adenocarcinoma that 
were studied. In the report of Puestow and associates‘ were 5 cases of adeno- 
carcinoma arising in the esophagus at some distance from the cardia. 

More recently, McCorkle and Blades*® reported a case of adenocarcinoma 
arising in the middle third of the esophagus which was treated by esophagec- 
tomy and esophagogastrostomy. The patient subsequently died and, at post- 
mortem examination, the esophageal mucosa was completely replaced by mucosa 
of the gastrie type from the cardia up to a few centimeters below the pharynx. 


Origin.—The origin of adenocarcinoma of the esophagus has been studied 
by various authors. Smithers* postulated that there are three possible origins 
of true adenocarcinomas of the esophagus (as distinguished from primarily gas- 
trie tumors): (1) ectopic islets of gastric mucosa, or esophageal glands, (2) 
esophageal mucous membrane that failed to undergo squamous transformation 
before birth, and (3) mucosa that underwent glandular metaplasia after chronic 
infection. This classification includes, totally or in part, most of the theories 
advanced to explain the presence of glandular epithelium that could eventually 
give rise to an adenocarcinoma in an organ normally lined by stratified squamous 
epithelium. 

The presence of aberrant (ectopic) gastric mucosa was first described by 
Schmidt in 1805, according to McCorkle and Blades. The incidence is not 
established and varies widely according to existing reports. Schridde’ found 
aberrant islets of gastric mucosa in the postericoid region in 70 per cent of 
necropsies. Carrie’ described islands of ectopic gastric mucosa on the lateral 
walls of the esophagus between the level of the ericoid cartilage and the fifth 
tracheal ring in about 50 per cent of the patients examined. Rector and 
Connerley® found some form of gastrie mucosa in the esophagus in 78 of 1,000 
consecutive necropsies performed on infants and children, or an incidence of 
only 7.8 per cent. These ectopic islands were found to be more common in the 
upper (51 per cent) and middle thirds (41 per cent) than in the lower third 
(8 per cent). 

The presence of esophageal glands was verified by Carrie,' who actually 
described two types of glands, a submucosal mucous-seereting gland, and some 
superficial ones resembling gastric glands occurring at both ends of the esophagus. 
This last group corresponds to the ectopic islets of gastric mucosa described by 
other authors. 

The theory by which an originally squamous type epithelium undergoes 
glandular metaplasia after a chronic infection, and then undergoes carcinomatous 
degeneration, has also been advanced, but we were unable to find any eases in 
which this sequence could definitely be established. 

Barrett® recently suggested that when the lower part of the esophagus is 
lined by columnar epithelium, which corresponds to Smithers’ second postulate, 
the condition is due to failure of the embryonic lining of the gullet to achieve 
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maturity. The case reported by McCorkle and Blades® and our case are examples 
of this condition, in which the entire organ failed to undergo squamous trans- 
formation. 


SUMMARY 


A ease of adenocarcinoma of the middle third of the esophagus, arising 
from mucosa of gastric type that completely relined the esophagus, has been 
presented. Adenocarcinoma of the esophagus is a true entity that can originate 
from ectopic patches of gastric mucosa, from. esophageal glands, or from eso- 
phageal mucous membrane that failed to undergo squamous transformation be- 
fore birth. 
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PERICARDITIS WITH MASSIVE CASEATION 


Jacob K. Berman, M.D., Victor Mori, M.D., and Anthony Ridolfo, M.D., 
Indianapolis, Ind. 


Y on PURPOSE of this paper is to record a ease of tuberculous pericarditis with 
massive caseation associated with active miliary pulmonary tuberculosis. 
The patient was successfully treated by pericardiectomy. 

Tuberculous pericarditis in its various stages has been exhaustively stud- 
ied and described, and the existence of pericardial caseation is mentioned by 
many authorities.*** Holman® was one of the first to advocate pericardiec- 
tomy in active tuberculous pericarditis. He reported 4 cases, and then added 
a fifth, of successful pericardiectomy in the active phase of the disease. All of 
his patients had positive cultures and 1 showed easeating tuberculous granu- 
lation tissue. In a later paper,® he reported 8 patients with proved tubereu- 
lous pericarditis who survived pericardiectomy. Six of these had active pul- 
monary tuberculosis. Our experience supports his conclusions that peri- 
eardiectomy done during the early periods can be accomplished with greater 
ease than is possible in the advanced stage. Also, early pericardiectomy may 
prevent myocardial involvement seen so commonly in far-advaneed con- 
strictive pericarditis, and may also prevent the secondary effects of increased 
venous pressure. 


CASE REPORT 


M. M., a 30-year-old Negro woman, came to the Indianapolis General Hospital on 
May 30, 1957, because of persistent substernal pain, dyspnea, chills, and fever. There 
had been no menstruation for the previous 2 months and the patient ascribed her thirst, 
frequent urination, and nocturia to the amenorrhea. 

The patient had been seen in the medical clinic at frequent intervals because of a 
persistent cough. X-ray studies of the chest dating back to 1944 were reviewed, and no 
definite abnormalities were noted. A film taken 1 year before the present illness was 
normal (Fig. 1, 4). 

The patient was orthopneic; however, there was no distention of the neck veins and 
no facial edema. Her temperature was 101.2° F., the blood pressure was 106/60 mm. Hg 
and the pulse was 80 and regular. The point of maximum impulse was slightly displaced 
to the left and cardiac dullness was increased, but we were unable to detect any murmurs 
and the breath sounds were clear, There was no evidence of ascites and the liver was 
normal in size. Bimanual examination showed the uterus to be slightly enlarged and 
symmetrical, with a soft lower uterine segment. 
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The more important laboratory findings were as follows: The hemoglobin was 8 
Gm.; erythrocytes numbered 2.8 million; and leukocytes 5,850. The urinalyses were nor- 
mal except for 2+ pus on one occasion, Tuberculin purified protein derivative test, first 
strength, was negative, but second strength was strongly positive. The frog test for 
pregnancy was positive. The electrocardiogram showed nonspecific T-wave changes 
(Fig. 2). X-ray showed enlargement of the cardiac shadow (Fig. 1, B). We thought that 
the patient had tuberculosis and tuberculous pericarditis with effusion. She was in the first 
trimester of pregnancy, and we believed that this may have been an important factor in the 
present acute exacerbation. 


& aN 


Fig. 1—A, X-ray taken 1 year before the present illness. The transcardiac diameter Is 
12 cm. and the transthoracic diameter is 27 cm. 


B, X-ray taken on admission. The transcardiac diameter is 16 cm. There are no pulmo- 
nary changes which would indicate cardiac failure or miliary tuberculosis. 


. C, X-ray taken 41 days after admission. The cardiac silhouette extends to the thoracic 
wall. 


D, X-ray taken 6 months after pericardiectomy. 


During the first 2 weeks in the hospital the remittent fever ranged up to 103° F, She 
was given various types of antibiotics, including penicillin, streptomycin, Achromycin, 
Albamyecin, and also chemotherapeutic agents, such as gantrisin, for an associated 
cystitis. The fever gradually decreased, then became intermittent, varying between nor- 
mal and 100° F. Eight weeks after admission the temperature became normal and re- 
mained so, 
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The pulse was 80 on admission, but soon reached 120 and remained at this rate 
until 6 days after admission. At this time the blood culture showed Staphylococcus awreus 
which was coagulase positive. It was found to be resistant to all antibiotics except 
Albamycin, Cultures from the sputum, gastric juice, urine, and bone marrow were nega- 
tive for acid-fast bacilli. 

We could now hear a pericardial friction rub. Pericardiocentesis yielded 40 c.c. 
of slightly cloudy, yellowish-green fluid. No acid-fast organisms were found on direct 
smear and none were cultured from this exudate. On the forty-first hospital day, cardiac 
fluoroscopy showed the left ventricle to be greatly enlarged and heart pulsations dimin- 
ished. The friction rub could no longer be heard, and the pulse rate was 130. The 
venous pressure in the right antecubital vein was 20 cm. of water. 
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Fig. 2.—Electrocardiogram taken preoperatively, which shows inverted T waves in Leads II, 
II, aVF, V2, Vs, V4, Vs, and Ve. 


Left thoracotomy was done on the fifty-seventh hospital day. The lung was found 
to be densely adherent to the pericardium and several pockets of localized effusion were 
encountered between the lung and the fibrous pericardium. Heart motion was barely per- 
ceptible under the thickened and shaggy pericardium. The fibrous pericardium was peeled 
carefully from over the left ventricle. It was roughly 1.5 em. thick. The phrenic nerve 
was dissected out and retracted laterally. As the serous pericardium was being peeled 
off, a large abscess cavity was encountered. It was filled with thick, gray-white caseous 
material and measured about 8 by 10 cm. The entire cavity was unroofed, and the left 
ventricle and the left atrium were found to be covered with caseous material which could 
be removed easily (Fig. 3). The pericardium over the right ventricle varied in thick- 
ness between 1 to 1.5 em., and therefore a pericardiectomy was done, including the re- 
moval of a thickened fibrous extension over the superior and inferior venae cavae. The 
epicardium over the right heart oozed considerably. The lung was studded with miliary 
tubercles involving all lobes. A small portion of the lingula was removed for microscopic 
study and for culture. 
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No organisms were found on direct smear from the pericardium and none grew in 
culture. Studies of the pericardium showed changes characteristic of tuberculosis. Biopsy 
of the lung also showed typical tuberculous granulation tissue. 

Postoperatively, the patient was given 0.5 Gm. streptomycin twice daily and 300 
mg. isonicotinie acid hydrazide daily, Her recovery was uncomplicated and she was re- 
leased from the hospital 3 weeks after surgery. 

The pregnancy progressed without complications, and 6 months after surgery the 
patient delivered a healthy female infant, weighing 6 pounds 10 ounces. The placenta 
showed no evidence of tuberculosis. X-rays made at this time showed great improvement 
(Fig. 1, D). Tubal ligations were deemed advisable by the obstetrical department, and 
were done 4 days after delivery. No evidence of tuberculosis was apparent in the abdominal 
cavity except on the anterior surface of the liver; here, one hard calcified nodule was de- 
scribed. A biopsy was not taken. There were no postoperative complications or sequelae. 
Tuberculin skin tests made on the infant at 4 months were negative. 


Fig. 3.—Photograph taken at the time of surgery. C—area of caseation; LA—left atrium; 
LV—left ventricle; P—thickened pericardium. 


DISCUSSION 


The blood culture on one occasion showed Staphylococcus aureus which 
was coagulase positive. No other blood or tissue cultures produced a growth 
of this organism. Yet the abruptness of onset and the characteristic chills 
and fever must be regarded as more typical of the so-called suppurative, or 
nonspecific, infections than of tuberculosis. However, it is well to reeall that 
the old “florida phtisis” type of tuberculosis was indeed a tuberculous septi- 
cemia so acute and virulent that the antigen evoked a response not unlike 
that of staphylococcie septicemia. Conversely, in the chronic staphylococcic 
infection of bone, clinically described as Brodie’s abscess, the staphylococcus 
is weak and its numbers are few and the tissue response is “cold” as in 
tuberculosis.2 The single preoperative blood culture of Staphylococcus aureus 
in our case must be regarded either as a contamination or a transient infection 
which was readily controlled by antibiotics. 

The histopathologic changes in the surgical specimens were those of a 
granulomatous lesion characteristic of tuberculosis. However, no micro- 
organisms of any sort were found. The explanation for the absence of 
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tubercle bacilli is debatable. However, it is well known that when the capsule 
of the tubercle bacillus is fractionated, phospholipids are obtained that have 
the property of stimulating a reaction similar to tuberculosis due to the pres- 
ence of phthioie acid.t. This is particularly true in sensitized rabbits. Per- 
haps, in caseating lesions, necrosis of the tubercle bacillus occurs with cellu- 
lar destruction and the antigenic factor may be phthioie acid. 

Tuberculous pericarditis in our experience begins with some minimal 
pericardial effusion (moist form) or as a fibrocaseous lesion (dry form), or 
by effusion in some areas and coagulation necrosis in others, simultaneously. 
We have never encountered widespread caseation. The ultimate result is 
fibrosis and calcification, first over the right ventricle at its lower border and 
then over the left ventricle.® 

The effectiveness of antibiotics and chemotherapeutic agents in miliary 
tuberculosis, and pericardiectomy in early tuberculous constrictive peri- 
carditis, is dramatically demonstrated by this case. The miliary tuberculosis 
appeared to be foreboding. However, the patient’s recovery has been com- 
paratively rapid and complete. 


SUMMARY 
This is a case report of a patient with diffuse miliary pulmonary tuber- 
culosis appearing in the early trimester of pregnancy and associated with 
tuberculous pericarditis with massive caseation treated by pericardiectomy. 


She had a sponntaneous delivery of a healthy baby at term. The patient and 
her baby were last seen 10 months after pericardiectomy. Both are apparently 
well. 


We are grateful to Dr. Charles Fisch, Director of the Robert M. Moore Heart Clinie, Dr. 
William Tosick, Radiologist, and Dr. Paul Evans, Pathologist of the Indianapolis General 
Hospital, for their kind assistance. 
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THiIRTY-NINTH ANNUAL MEETING 
APRIL 21, 22, AND 23, 1959 


STATLER HILTON Hore., Los ANGELES, CALIF. 


Program 


MEMORANDA FOR GUIDANCE OF SPEAKERS 
. In accordance with the By-Laws of the Association the papers which are read at the 
meeting shall be given to the Reporter immediately after presentation. If these papers are 
not submitted promptly their publication may be delayed. 
2. In publication it is customary to group discussions together on a series of papers. Any 
delay in the return of corrected discussions to the Editor means that publication of all 
papers on the subject will be held up. This is manifestly unfair to those who are 
conscientious in the prompt submission of their remarks for publication. Undue tardiness 
may mean that the discussion will not be published. 
3. Regular Program: Speakers will be limited to 15 minutes. 
4. Thoracic Surgery Forum: Speakers will be limited to 10 minutes. Papers on the Thoracic 
Surgery Forum as submitted for publication will be limited to 3,000 words. At the dis- 
cretion of the President limited discussion will be allowed following the formal presenta- 
tions. 
). Discussion of Papers: Discussers will be limited to 3 minutes. Only members of the 
Association and invited speakers will have the privilege of discussing papers. 


Tuesday Morning, April 21, 1959 


3:30 A.M. Business Meeting 


Scientific Session: REGULAR PROGRAM 


1. Studies of Pulmonary Diffusion After Open Heart Surgery. Robert J. 
Schramel (by invitation), Robert Cameron (by invitation), Morton Ziskind 
(by invitation), Maurice Adam (by invitation), and Oscar Creech, Jr., 
New Orleans, La. 

2. Clinical Results of Correction Under Hypothermia of Atrial Septal Defects 
and Pulmonary Valvular Stenosis. Earle B. Mahoney, James A. Manning 
(by invitation), James A. Deweese (by invitation), and Seymour I. 
Schwartz (by invitation), Rochester, N. Y. 

3. Simplified Technique for Direct Vision Pulmonary Valvotomy. Conrad R. 
Lam, and Rodman E. Taber, Detroit, Mich. 

. Surgical Treatment of Isolated Pulmonary Infundibular Stenosis. William 
P. Hederman (by invitation), S. Gilbert Blount (by invitation), and 
Henry Swan, Denver, Colo. 

5. Surgical Experiences in the Treatment of Congenital Mitral Stenosis and 
Mitral Insufficiency. George W. B. Starkey, Boston, Mass. 

3. The Etiology and Prevention of Atrial Fibrillation After Mitral Val- 
votomy. C. Frederick Kittle, and James Crockett (by invitation), Kansas 
City, Kan. 
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Tucsday Afternoon, April 21, 1959 
2:00 P.M. Scientific Session: REGULAR PROGRAM 


7. The Surgical Management of Complications of Staphylococcal Pneumonia 
in Infancy and Childhood. David C. Sabiston, Jr., Edward W. Hopkins 
(by invitation), and Robert E. Cooke (by invitation), Baltimore, Md. 

8. Surgical Treatment of Pulmonary Coccidioidomycosis: Ten-Year Study. 
Bert H. Cotton, and J. W. Birsner (by invitation), Pasadena, Calif. 

9. The Effect of Mean Endotracheal Pressure on the Cardiac Output of 
Patients Undergoing Intrathoracic Operations. Thomas F. Nealon, Jr., 
Richard T. Catheart (by invitation), William Fraimow (by invitation), 
Edward D. MeLaughlin (by invitation), and John H. Gibbon, Jr., Phila- 
delphia, Pa. 

10, Injuries of the Trachea and Major Bronchi. R. Maurice Hood, Austin, 
Texas, and Herbert E. Sloan, Ann Arbor, Mich. 

11. Adverse Surgical Experience in the Treatment of Pulmonary Disease 
Caused by Atypical Acid-fast Bacilli. Robert W. Harrison (by invita- 
tion), Arthur F. Reimann (by invitation), Edwin T. Long (by invitation), 
William Lester, Jr. (by invitation), and William EH. Adams, Chicago, IIl. 

12. The Surgical Treatment of Tuberculosis in Children. Walter W. Fischer, 
New York, N. Y. 

13. Persistent Pleural Air Space Following Resection for Pulmonary Tuber- 
culosis. T. W. Shields (by invitation), Wm. M. Lees, R. T. Fox, and G. 
Salazar (by invitation), Chicago, II. 


Wednesday Morning, April 22, 1959 
8:30 A.M. Scientific Session: THORACIC SURGERY FoRUM 

14. Metabolic Acidosis and the Dissociation Curve of Hemoglobin During 
Extracorporeal Circulation. George J. Magovern (by invitation), Robert 
S. Cartwright (by invitation), John F. Neville, Jr. (by invitation), and 
Edward M. Kent, Pittsburgh, Pa. 

15. Studies of a New Donor Blood Anticoagulant-Preservative Mixture for 
Extracorporeal Circulation. Wirt W. Smith (by invitation), Ivan W. 
Brown, Jr., W. Glenn Young (by invitation), and W. C. Sealy, Durham, 
NAC, 

16. Simple, Automatic, Self-Regulating Heart-lung Machine Pump. Joshi 
Fields (by invitation), Francis X. Byron, and William C. Dale (by in- 
vitation), Beverly Hills, Calif. : 

17. An Improved Inexpensive Automatically Controlled Pump-Oxygenator. 
Adrian Kantrowitz (by invitation), and Donald Abelson (by invitation). 
Sponsored by Alfred Hurwitz, Brooklyn, N. Y. 

18. An Externally Valved Hydraulic Cardiac Substitute. I. A. Breckler 
(by invitation), R. L. Ginsberg (by invitation), C. L. Portnoff (by in- 
vitation), and Jack L. Bitterly (by invitation), Encino, Calif. 

19. Physiologic P Wave Cardiac Stimulator. Sam E. Stephenson, Jr. (by 
invitation), W. H. Edwards (by invitation), P. J. Jolly (by invitation), 
and H. W. Scott, Jr., Nashville, Tenn. 

20. “Tranquilization” of the Heart With the Ataractic Drugs. Russell M. 
Nelson, Salt Lake City, Utah. 

21. The Mechanism of Ventricular Fibrillation and Cardiac Arrest During 
Surgery. Archer S. Gordon (by invitation), and John C. Jones, Los 
Angeles, Calif. 

22. Prevention of Post-Hypercapneic Ventricular Fibrillation in Dogs. Ber- 
nard Goott (by invitation), Fletcher A. Miller (by invitation), and Owen 
H. Wangensteen, Minneapolis, Minn. 
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23. A Method for the Simultaneous Measurement of Maximum Breathing 
Capacity, Pulmonary Volumina, and Effective Lung Ventilation. George 
W. Wright, and Sol Guilford (by invitation), Cleveland, Ohio. 

24. A New Foam Plastic Arterial Prosthesis. Richard W. Hardy (by invita- 
tion), Washington, D. C. 

. Experimental Observations on Poststenotic Dilatation. David L. Bruns 
(by invitation), John E. Connolly (by invitation), Emile Holman, and 
Raymond C. Stofer (by invitation), San Francisco, Calif. 

. Surgical Management of Metallic Foreign Bodies in the Pulmonary Ar- 
tery: Experimental and Clinical Observations. Lyman A. Brewer, III, 
Edward L. King (by invitation), Ellsworth E. Wareham (by invitation), 
and Jack M. Farris (by invitation), Los Angeles, Calif. 

. The Cause of Death Following Cardioangiography. Raymond C. Read 
(by invitation). Sponsored by Richard L. Varco, Minneapolis, Minn. 

. Physiologic Response of the Coronary Circulation to Unilateral Pulmonary 
Artery Ligation. James B. Littlefield*(by invitation), Phyllis R. Ingram 
(by invitation), and William H. Muller, Jr., Charlottesville, Va. 


Wednesday Afternoon, April 22, 1959 


Executive Session (Limited to Active and Senior Members) 


Scientific Session: REGULAR PROGRAM 


Address by the President, Michael E. De Bakey, Houston, Texas 

29. Surgical Treatment of Cylindroma of the Bronchus (Adenoid Cystic 
Carcinoma). W. Spencer Payne (by invitation), F. Henry Ellis, Jr., 
Lewis B. Woolner (by invitation), and Herman J. Moersch, Rochester, 
Minn. 

30. Bronchogenic Carcinoma: An Aggressive Surgical Attitude. J. Maxwell 
Chamberlain, Thomas M. MeNeill (by invitation), John R. Edsall (by in- 
vitation), and Peter Parnassa (by invitation), New York, N. Y. 

Banquet and Dancing, Statler Hilton Hotel 
Attendance limited to Members of the Association and their ladies, invited 


speakers and their ladies. 
Dinner dress preferred. 


Thursday Morning, April 23, 1959 
Scientific Session: REGULAR PROGRAM 


31. Instantaneous Blood Loss Determination in Thoracic Surgery. Robert 
Klopstock, Harry H. LeVeen (by invitation), and Phillip I. Levitan (by 
invitation), Brooklyn, N. Y. 

. Experiences With the Treatment of Postoperative Cardiac or Respiratory 
Failure With a Mechanical Respirator. F. C. Spencer, D. W. Benson (by 
invitation), W. C. Liu (by invitation), and H. T, Bahnson, Baltimore, 
Md. 

3. Intrathoracic Complications of Subdiaphragmatic Infection. David P. 
Boyd, Boston, Mass. 

. The Early Elective Surgical Approach to the Treatment of Traumatic 
Hemothorax. Morris M. Culiner (by invitation), Benson B. Roe, and 
Orville F. Grimes, San Francisco, Calif. 

35. The Surgical Treatment of Peptic Esophagitis. Frederick S. Cross, George 
V. Smith, Jr. (by invitation), and Earle B. Kay, Cleveland, Ohio. 

. Utility of a New Procedure of Valvular Esophagogastrostomy in Cases of 
Brachyesophagus and Stricture: Clinical and Experimental Studies. 
David H. Watkins, William R. Rundles (by invitation), and Louis Tatom 
(by invitation), Denver, Colo. 
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Thursday Afternoon, April 23, 1959 


2:00 P.M. Scientific Session: REGULAR PROGRAM 


37. 


The Relationship of Postoperative Acidosis to Pulmonary and Cardio- 
vascular Function. George H. A. Clowes, Jr., Andrzej Alichniewicez (by 
invitation), Louis del Guercio (by invitation), and David Gillespie (by 
invitation), Cleveland, Ohio. 


38. Surgical Treatnient of Chronic Pericarditis. W. S. Blakemore, C. K. 


Kirby, H. F. Zinsser, Jr. (by invitation), W. B. Whitacre (by invitation), 
and J. Johnson, Philadelphia, Pa. 


9. The Results of Surgical Correction of Atrial Septal Defect Complicated 


by Pulmonary Hypertension. Bert W. Meyer, John C. Jones, and Harold 
V. Liddle (by invitation), Los Angeles, Calif. 


. Coarctation of the Aorta in Infants: A Clinical and Experimental Study. 


Thomas B. Ferguson, Thomas H. Burford, and David Goldring (by in- 
vitation), St. Louis, Mo. 


. Problems in the Surgical Management of Coarctation of the Aorta: Based 


on Experience With Sixty Consecutive Cases. L. K. Groves and D. B. 
Effier, Cleveland, Ohio. 


2. An Analysis of Deaths Following Cardiac Surgery. James L. Harrison 


(by invitation), Bart D. Iaia (by invitation), and Robert P. Glover, 
Philadelphia, Pa. 





